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EXECUTIVE SUMMARY

Groundfishes, especially flatfishes, are of great economic importance to Alaskan commercial
and sport fisheries, yet knowledge of the juvenile stages of these fishes is often  incomplete.
Thorough knowledge of species life history, biology and habitat requirements is necessary to
assess potential environmental impacts, to assist in strategic planning by fisheries managers,
members of the fishing community and industrial developers. Quality and quantity of nursery
habitat are probably the most vital factors determining survival of juvenile fishes (Gibson, 1994);
thus it is essential that nursery areas be identified.

Objectives of this project were (1) to identify nursery grounds for juvenile flatfishes in
Kachemak Bay, lower Cook Inlet, and Chiniak Bay, Kodiak Island (Figure I-l), (2) to
characterize those areas according to physical and biological parameters and (3) to develop
indices of relative abundance for as many species as the data allow, on a seasonal basis for
Kachemak Bay, and an annual basis for Chiniak Bay. To meet these objectives, seasonal (winter,
spring and summer) surveys of juvenile groundfishes were conducted in Kachemak Bay from
1994 to 1996, and annual summer collections of juvenile groundfishes in Chiniak Bay, begun in
1991, were continued during 1995 and 1996. At each collection site, a conductivity-temperature-
depth probe, sediment grab and net were deployed. Fishes were collected using a 3.05 m plumb
staff beam trawl equipped with a double tickler chain 7 mm square mesh bag and 4 mm codend
liner. Fishes were identified and measured, and ages of flatfishes  were estimated based on total
length. Catch-per-unit-effort values (CPUE) were calculated for each species based on the
number of fish per 1000 m2 area swept. These values were examined relative to the physical
habitat of capture. Measured physical parameters included depth, bottom temperature and salinity,
sediment grain size, organic carbon and carbonate in the sediment, and temporal relation of the
fish collection to Sunrise and tidal stage.

Sampling three times a year over two years in Kachemak Bay  provided insight into short term
interannual and seasonal variability, and allowed habitat parameters of juvenile flatfishes to be
quantified in a location separate from Kodiak Island. Collections in Kachemak Bay were taken
during September 1994, May and August 1995, and February, May and August 1996. Juvenile
flathead sole, Hippoglossoides elassodon,  and rock sole, Pleuronectes  bilineatus, were the most
abundant flatfishes, composing 65-85% of all flatfishes captured during any period. Year-round
habitat of age-0 flathead sole was primarily from 40 to 60 m, and habitat of age-l flathead sole
was primarily from 40 to 80 m. Summer habitat of ages-0 and 1 rock sole was from 10 to 30 m,
and in winter age-0 rock sole moved offshore to sites as deep as 150 m. Both age classes of
flathead sole were most abundant on mixed mud sediments, while age-l were also in high
abundance on muddy sand sediments. Ages-O and 1 rock sole were most abundant on sand,
though age-l were also found on a variety of sediments fmer and coarser-grained than sand. Thus,
juvenile flathead sole and rock sole had distinctive depth and sediment habitats. When habitat
overlap occurred between the species, it was primarily when rock sole moved offshore in the
winter.

Seasonal and interannual bottom water temperatures and salinities in Kachemak Bay from
September 1994 to August 1996 were not correlated with seasonal distribution and abundance of
flathead sole and rock sole. The inclusion of temperature did not improve the definition of habitat
for these species from distribution models based solely on depth and sediment. The results
indicated that biological factors such as food quality or quantity, which were not measured in this

study, may be more important than temperature for growth of flathead sole and rock sole in
Kachemak Bay.
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During six years of August sampling in Chiniak Bay (199 l-l 996)  we examined the precision
of sampling design methods for estimating the distribution and abundance of four species of
juvenile flatfishes. Often, fish abundance varies over space and time in response to environmental
conditions (Reichert and van der Veer, 1991; Jager et al., 1993; Keefe and Able, 1994; Norcross
et al., 1995, 1997). Until recently, few studies have been directed toward defining fish habitat or
using habitat preference to help decrease the variability in abundance estimation (Scott, 1995).
The present study investigated the use of habitat (defined here by depth and sediment) in survey
design and analysis for the assessment of abundance of four particular species, i.e., flathead  sole,
Pacific halibut (HppogZossus  stenolepis), yellowfin sole (Pleuronectes  asper)  and rock sole. The
survey design and analysis addressed common questions related to trawl surveys, and are thus of
general interest and application. The first four years (199 1-1994) determined that nursery
grounds of juvenile flatfishes near Kodiak Island were defined primarily by depth, substrate and
temperature (Norcross et al., 1995, 1997). Based upon 1991-1994 data, the 1995 survey was
stratified by depth and substrate, with equal sample size per stratum, to estimate variability in fish
abundance and cost of towing among strata. Temperature was not included in the 1995 or 1996
survey designs as this parameter could be determined only after sampling was completed.
Sampling in 1996 was again stratified by depth and substrate, but sample allocation was based on the
cost of towing and the variability in species abundance, as determined from 1995 sampling.
Stratification by habitat parameters increased the precision of abundance estimates for age-0 flathead
sole, age-0 rock sole, age-l yellowfin sole and age-0 Pacific halibut. Setting up monitoring strata for
each species in regions on the outskirts of each species’ center of abundance did not provide more
precise or reliable interannual  monitoring estimates than stratification by habitat parameters over all
regions.

Interannual variation in relative abundance over six years in Chiniak Bay was assessed for
each species using three types of indices. Each index comprised the annual CPUE averaged over a
particular set of tows. The difference among the indices was the selection of trawl sites that were
averaged to produce the numerical index. The first index was the mean CPUE over nine sites that
were sampled all six years (fixed site index). The second index was the mean CPUE over all sites
sampled during the year (all site index). The third index was the mean CPUE in regions of
“preferred” or occupied habitat (habitat index). The fixed site index did not reveal significant
differences in abundance among years for any of the four species. This index served as a valuable
reference for confirming apparent trends in abundance without the possible confounding effect of
regional sampling bias. The all site index showed the most significant changes in abundance for
rock sole and Pacific halibut, the species with the widest distribution (i.e., the least number of
zero catches). Rock sole had an oscillating pattern of recruitment with abundances that were
significantly higher in 1992 and 1994 than in the two least abundant years, 199 1 and 1993. Pacific
halibut increased in abundance through time, with abundances that were significantly higher in
1994 and 1995 than in 199 1 or 1993. Flathead  sole, which occurred in high abundance with an
aggregated distribution, exhibited significant changes in annual abundance in the habitat index.
According to this index, flathead sole had significantly greater abundance in 1993 than in 199 1,
1995 or 1996. None of the three indices revealed significant changes in abundance for yellowfin
sole, which occurred  in low abuudance  will1 a11  aggr egaled  distribution. All three indices exhibited
an apparent decrease in yellowfin sole abundance over the six-year collection period.

Comparisons of the groundfish community compositions and abundances from collections in
Kachemak and Chin&  Bays during August 1995 and August 1996 were related to physical data.
Fish species composition between the two regions was similar, but there were significant
differences in abundance. Depth was the most important factor governing distribution and
abundance of groundfishes  in these two locations. The species were divided into shallow-water
and deep-water groupings. The shallow-water group (13-28 m Chiniak Bay; 26-56 m in
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Kached  Bay) included rock sole, walleye pollock (Therag-a  ci’zalco~anzma),  Pacific  h&but,

Myoxocephalus  spp , Pacific cod (Gadus  macrocephalus),  yellowfin sole, Gymnocanthus  spp.,
sturgeon poacher (Podothecus acipenserinus), snake prickleback (Lumpenus sag&a) and
sawback  poacher (Sarritorfrenatus).  The shallow-water group, with the exception of sawback
poacher, was found in higher numbers at Chiniak Bay. The deep-water  group  (44-60  m in
Chiniak  Bay; 57-86 m Kachemak Bay) included spinycheek  starsnout (Bathyagonus
infrapinata),  shortfin eelpout (Lycodes brevipes),  slim sculpin (Radulinus asprellus),  spinyhead
sculpin (Dasycottus  setiger), and rex  sole (Ewex  zachirus).  The deep-water  group  was in figher
or equal abundance in Kachemak Bay than in Chin&k  Bay. Arrowtooth  flounder  (Arhe~sres
stomias) was found at intermediate depths (37 m in Chin&;  57 m in Kachemak) with higher
abundances in Chin& Bay. Other species with similar relative abundances in both locations
included flathead  sole, slender eelblenny (Lurnpenus  fabricii), daubed shanty  (Lumpenus
maculatus),  snailfishes (Liparididae), Dover sole (Microstomuspacificus),  Triglops  spp., stout
eelblenny (Lumpenus medius),  and s&on  cod (EZeginus gracilis).  We concluded that physical
factors affect the distribution and abundance of the juvenile groundfish species studied in these
two locations. When physical parameters (i.e., depth; temperature; salinity; percents gravel, sand,
mud, organic matter and carbonate) are included as covariates in a MANOVA,  most differences
in species abundance between locations were eliminated.

Stomach contents of five species of juvenile flatfish, i.e., arrowtooth flounder, flathead sole,
Pacific halibut, yellowfin sole and rock sole, along with concurrently collected benthic fauna, were
examined from one site of the Kachemak Bay September 1994 cruise. Arrowtooth flounder
(N=15)  consumed mysids, shrimps and rock sole. Flathead  sole (N = 1) consumed only bivalves
and Pacific halibut (N = 11) ate shrimps. Yellow-fin sole (N = 35) consumed bivalves, polychaete
worms and brittle stars. Rock sole (N = 4) ate bivalves and amphipods. Different bivalve species
were consumed by different flatfishes. Bivalvia was the dominant taxon in the benthos in terms of
numbers, biomass and proportional importance. The benthos also contained gastropods,
polychaetes and crustaceans. These preliminary data indicated that the diets of most flatfishes
were dissimilar to the available infauna. However, these data are of liited application and should
be applied with caution, as they are from a single collection.

This  study prov&s  baseline knowledge about the habitat requirements, seasonal variability
md interanm&  variability  ofjuvenile  groundfish species in Southcentral Alaska, and establishes
Chi&,k and Kachemak Bays as important nursery areas for juvenile guul~dfishes  (especially
flatfishes). Such baseline knowledge is essential for the assessment of potential damage to
flatfishes from habitat alteration.
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ABSTRACT

Seasonal and interannual abundance and distribution of juvenile groundfishes were addressed
through studies in Chiniak Bay, Kodiak Island, and Kachemak Bay, lower Cook Inlet. Sampling
three times a year over two years (1994-1996) in Kachemak Bay provided insight into short term
interannual variability and seasonal variability. Physical habitat parameters of the two most
abundant flatfishes in Kachemak Bay, flathead  sole (HippogZossoides  eihsdn)  and rock sole
(Pleuronectes  bilineatus),  were quantified in a location separate from Kodiak Island. August
sampling was conducted for six years (199 l-l 996) in Cbiniak  Bay. The first four years located
and defined  nursery grounds of juvenile flatfishes and provided the background necessary to
design and test new sampling designs for abundance estimation. During 1995-1996, we used
stepwise  sampling strategies designed to increase the precision of abundance estimates. The
interannual variability of the four most abundant flatfishes in Chin& Bay, flathead sole, Pacilic
balibut (Hippoglossus  stenolepis),  yellowfin sole (Phuronectes  aqer) and rock sole, was assessed
over six years. For the two periods that Kachemak and Chiniak Bays were sampled
simultaneously (August 1995 and August 1996),  the groundfish community composition,
distribution and abundance were compared. Depth was the most important factor related to
distribution and abundance of groundfishes in these two locations. The taxonomic compositions
of benthic invertebrates and flatfish diets were contrasted at one site in Kachemak Bay.
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INTRODUCTION

Identification of problem

Information on the habitat, life history and biology of individual species of fish is necessary in
order to assess potential environmental impacts on fish stocks, to allow for more effective and
timely management of fisheries by regulatory agencies and to assist with strategic planning by the
fishing community and industrial developers, Groundfishes are of great economic importance to
Alaskan commercial and sport fisheries, yet knowledge of the juvenile stages of their life mstoi-ies,
especially for flatfishes, is incomplete. Juvenile recruitment variability is a major cause of
fluctuations in adult populations of fishes (Sissenwine, 1984; Houde, 1987). The identification of
factors affecting survival of larval (van der Veer, 1986) and juvenile (Malloy and Targett, 1991)
flatfishes is crucial to forecast the number of individuals of a specific year class which will survive to
attain sexual maturity and join the reproductive population. Quality and quantity of nursery habitat is
probably the most vital factor determining overall levels of recruitment of juvenile fishes (Gibson,
1994). Nursery habitat can be characterized by physical parameters including depth, sediment
type, position in bay, temperature and salinity, and also by biological parameters such as food
availability. It is essential that nursery areas be identified and protected against habitat disruption
and that they be preserved to maintain the integrity of present fish stocks (Zijlstra, 1972; Gibson,
1994).

Background information on flatfishes, including preferred conditions
of nursery areas

Populations of thirteen Alaskan species of flatfishes are found in the Gulf of Alaska near
Kodiak Island (Rogers et al., 1986; Norcross  et al., 1993, 1994). This is an unusually large
number of flatfish species to be found concurrently. Pacific halibut (Hippoglossus  stenolepis)  is a
prime target for the sports fishery. Commercial fisheries target rex sole (Ewes zachirus), flathead
sole (Hippugkxsoides  elassodun), Pacific halibut, Dover sole (Microsfumuspacifcus),  yellow-fin
sole (Pleuronectes asper)  and rock sole (Pleuronectes bilineatus).  Directed fisheries also exist for
starry flounder (Platichthys  stellatus)  and English sole (Pleuronectes vetulus).  By-catch includes
butter sole (Pleuronectes isolepiSj,  Alaska plaice (Pleuronectes quadr~tuberculatusj  and sand sole
(Psettichthys melanostictus)  which are marketed secondarily. There is currently an attempt to
develop a fishery for arrowtooth flounder (Atheresthes stomias) to be used in surimi. Additionally,
Pacific sanddab  (Citharichthys sordidus)  has occasionally been captured near Kodiak (Norcross
et al., 1994).

Flatfishes are bilaterally symmetrical during the pelagic larval stage. Near the end of the larval
stage, one eye migrates over the top of the head so that both eyes are on one side of the fish.
Following this metamorphosis, flatfishes begin a behavioral transition from the larval pelagic
lifestyle to the demersal lifestyle they exhibit as juveniles and adults.

Many juvenile fishes follow predictable patterns of distribution within nursery areas. Intertidal
zones, shallow coastal areas, protected bays and estuaries are vital as nursery areas for flatfishes
(e.g., Tyler, 1971; Gibson, 1973; van der Veer and Bergman, 1986; Tanaka  et al., 1989). Initial
settlement, abundance and size distributions of juvenile flatfishes are related to depth, temperature
(Gadomski and Caddell,  1991),  sediment size and food availability. Initial settlement of flatfishes is
also related to current velocity and salinity (Marliave, 1977). Flatfish nurseries are usually in
shallow waters, often in less than 10 m (Edwards and Steele, 1968; Allen, 1988; van der Veer et
al., 199 l), on substrates of silt, mud and fine to coarse sand (Poxton  et al., 1982; Wyanski, 1990).
Bays and estuaries are thought to serve as excellent nursery areas and ideal feeding habitat
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because of high insolation of the bottom, high water temperatures and the sediment types found in
protected waters (Pearcy  and Myers, 1974),  in addition to the good supply of nutrients from land
drainage (Pihl and Rosenberg, 1982). A dominant substrate of gravel or coarser materials reduces
the suitability of an area to serve as a nursery (Rogers, 1985). Burying ability of juvenile flatfishes
probably depends on several factors associated with sediment, such as grain size, particle
compacting, cohesion and binding by activity of benthic fauna (Gibson and Robb, 1992).

The generally accepted rationale for juvenile flatfishes to inhabit a nursery area includes
escape from predation, increased cover and food availability, and decreased intraspecific food
competition (Toole, 1980; de Ben et al., 1990; Minami and Tanaka, 1992). A nursery may be
partitioned into areas dominated by separate species or by intraspecific age groups (Edwards and
Steele, 1968; Harris and Hartt, 1977; Smith et al., 1976; Zhang, 1988). Depth distribution
changes with age, and may limit intraspecific and interspecific competition among flatfishes
(Poxton  et al., 1983). The positive correlation between mean length of fish and depth is significant
for some species (Gibson, 1973). Large quantities of juvenile rock sole were taken by Harris and
Hartt (1977) intertidally in the Kodiak area, with older individuals taken near the mouths of
fjords. A reversal of this trend was exhibited by flathead sole; the largest of these fish were found
toward the heads of Kodiak bays (Blackbum, 1979). Competitive fish species may also reduce
range overlap by maintaining localized feeding territories. Intraspecific and interspecific diet
diversity between groups of juvenile flatfishes near Kodiak is higher when the flatfish groups
coexist at high abundances than when they coexist with low abundances (Holladay and Norcross,
1995b).

Recent models of juvenile flatfish presence and abundance near Kodiak (Norcross et al.,
1995, 1997) and western Shelikof Strait, Alaska Peninsula (Norcross  et al., in review) describe
flatfish distribution based on environmental parameters (Table I-l). Depth and substrate are the
main physical parameters defining modeled flatfish nursery areas (Norcross et al., 1995, 1997).
Additional parameters examined by Norcross  et al. (in review) include temperature, salinity,
distance from the mouth of a bay, distance from shore and amount of enclosure of a bay.
Although distributions of the most abundant flatfish species overlap, patterns of peak abundance
are unique to each species.

The objectives of this study were:

(1) To iden@ nursery grounds for juvenile flatfishes around Kodiak Island and in Kachemak
Bay (Appendix II-l).

(2) To characterize those areas according to physical and biological parameters (physical
characterizations of habitat nursery areas are presented in Chapters 1, 2, 3 and 4; biological
characterizations of habitat are presented in Chapter 5).

(3) To develop indices of relative abundance for as many species as the data allow, on a seasonal
basis for Kachemak Bay, and an annual basis for Chiniak Bay (Chapters 1,2,3  and 4).

To accomplish the objectives, our main tasks were:

(1) To sample juvenile flatfishes and measure associated physical parameters in Kachemak Bay
over three oceanographic seasons i.e., summer, winter and spring (1994-1996),

(2) To monitor juvcnilc  flatfish  distribution, abundance  and associated physical paramctcrs at
index sites in Chiniak Bay, Kodiak Island, during August 1995 and August 1996,

(3) To conduct graphical and statistical analyses of abundance and distribution of juvenile
flatfishes in Kachemak (1994-1996) and Chin& Bays (199 l-l 996) with respect to physical
variables of location within the bay, distance from shore, depth, substrate, temperature and
salinity, and a temporal component of season in Kachemak Bay and year in Chiniak Bay,
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(4) To compare August species  composition, abundance  and distribution of juvenile flatfishes in
Kachemak Bay with those of juvenile flatfishes in Chiniak Bay, Kodiak,

(5) To analyze stomach contents of the most abundant flatfishes,
(6) To conduct graphical and statistical analysis of stomach contents with respect to physical

variables and benthic composition.

METHODS
The general collection and sample processing procedures for all collections in Southcentral

Alaska (Figure I-l) are given here. Methods of analyses for specific study components are
detailed in following chapters. Six collections in Kachemak Bay (Figure I-2) and six collections in
Chin.& Bay (Figure I-3) were the basis for this final report. Additionally, Izbut Bay, southern
Afognak Island (Figure I-4) was examined once and the results are presented in a cruise report
(Appendix 11-l) Dates, gear and samples collected for the current research are summarized
(Table I-2). Specific collection procedures for cruises conducted in Chin&k  Bay during 199 1
through 1994 are detailed elsewhere (Norcross et al., 1993, 1994, 1996). Detailed reports of the
field collections, methods and samples collected during 1994-1996 in Kachemak Bay, 1995-1996
in Chiniak Bay and 1995 in Izhut  Bay are presented here (Appendix II- 1). Collection and
processing methods were similar for all locations and all cruises. All cruises were conducted
during daylight hours. The gear deployed at each site included a trawl net, sediment grab and
CTD (conductivity-temperaturdepth  recorder).

Fishes were sampled using a plumb staff beam trawl with a double tickler chain adapted from
a design by Gunderson and Ellis (1986) via the addition of floats to the ends of the beam and 150
mm lengths of chain knotted to the footrope at 150 mm intervals. The very small net mesh (7 mm
square) and codend  liner (4 mm) retains flatfishes as small as 12 mm (Norcross et. al , 1993)
Collections utilized either a 3.05 m or 3.66 m beam (Table I-2). The effective width of the tow is
0.74 multiplied by beam length (Gunderson and Ellis, 1986),  i.e., 2.257 m for the 3.05 m beam
and 2.707 for the 3.66 m beam. The ratio of towing line to site depth was approximately 8: 1 at
sites less than 10 m, 5: 1 for depths IO-50 m and 3 : 1 at depths greater than 50 m. We endeavored
to tow as slowly as possible (approximately 0.5-2.0 kts). Tow duration was usually 10 minutes.
Tow time was reduced to 5 minutes where the bottom was excessively muddy. Reducing tow
time expedited sorting and maximized catch ratios, since towing with a clogged net reduced
fishing efficiency. Tow start and stop positions were recorded using global positioning system
(GPS). These positions were used to calculate towing distance (1994-1996); distances towed in
1991-1993 were estimated as detailed later in this report. Minimum, maximum and predominant
depths were recorded for each tow as read fkom  the vessel fathornet.er

Fishes sampled by the trawl were identified, counted and total length (mm) was measured in
the field, generally with the use of a Limnoterra digital fish measuring board (FMBIV,  accuracy +
1 mm). From collections in Kachemak Bay, a subsample of flatfishes < 200 mm was retained
frozen for gut content analysis.

Fish counts were standardized to catch-per-unit-effort (CPUE) for a swept area of 1000 m2,
based on length and width of tow as described above. Ages of flatfishes were estimated separately
for each cruise, using (1) total length/tiequency  plots of fishes produced for each cruise, (2) total
length/frequency  plots of fishes collected previously in the Kodiak Archipelago (Norcross et al.,
1993, 1995, 1996),  (3) analysis of regional differences in total lengths of fishes caught during
August 1991 (Norcross et al., 1995) and (4) additional literature references (e.g., Hart, 1980).
Flatfish ages could accurately be assigned as 0, 1 and 22  using this method. Without otolith aging,
more precise estimation of ages of larger flatfish was not possible.
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Substrate was collected using a 0.06 m3 Ponar grab. Generally, one substrate sample was
taken at each site. Substrate was retained frozen and shipped to Fairbanks. The proportional
weights of the gravel, sand and mud fractions were obtained for all substrate samples collected
using a wet and dry sieving technique (Appendix 11-2).  The Wentworth grade scale (Sheppard,
I!  973) defined grain sizes of boulder, cobble, gravel (pebble + granule), sand and mud (silt + clay).
Sediment samples were sieved to determine relative percent at each Phi level of gravel and sand;
the mud fraction was not partitioned into Phi levels. Results of grain size analyses were
c..ategorized after Folk (1980) (Table I-3). We employed Folk’s classifications with the following
exceptions. Folk’s classifications of (g)sM and (g)mS (meaning less than 5% gravel) were
incorporated within the categories of sM and mS for our analysis. Additionally, substrates larger
than Folk had analyzed (i.e., containing cobble or boulder) were classified visually according to
the Wentworth scale (Sheppard, 1973). In certain analyses, modifications were made to these
classifications; exceptions are noted in text where applicable. Percentages of organic matter and
c arbonate present in the sediment were obtained separately for the gravel, sand and mud portions
Losing  the generally accepted method of two-step ignition loss in a muffle fbmace (Appendix 11-2).
E’ercent organic matter was calculated as weight loss on ignition at 500°C and percent carbonate
.\vas calculated as weight loss on ignition at 850°C divided by 0.44 (Dean, 1974).

A single vertical profile of salinity and temperature was recorded at each site with a portable
$ea-Bird  Seacat  Profiler 19 Conductivity Temperature Depth profiler (CTD). This instrument is a
z#elf-contained  unit whkh  does not have a real-time readout, and the data were dumped
periodically to a portable computer. The CTD was allowed to equilibrate for two minutes at 1 m
c.epth and was then deployed until the 4 kg weight fastened below the sensors touched bottom.
‘Ji’hc  CTD rccordcd  tcmpcraturc, depth and salinity at half second intervals. Data were late1
cownloaded and processed with SeaSoft  CTD software (Sea-Bird Electronics, 1992). For all
sites, data collected during the 2 minute temperature equilibration of the CTD were omitted to
Eivoid erratic temperature and salinity spikes. Raw data from the down cast of the CTD were
siveraged  at 0.1 m intervals for sites <lo m depth and at 0.5 m intervals for deeper sites. Bottom
t 2mperature  and salinity values were used for fish distribution analysis, as this project focused on
k.;roundfishes. In Kachemak Bay, vertical profiles of temperature and salinity were examined
seasonally.

Illustra was used for database management of all collections (Illustra Information
‘Technologies, 1995). Selected data are presented here (Appendices II-l, II-4,11-5,  and H-6).
Tables in the database include information about the cruise, collection site (e.g., date, time, types
I:#f gear used and data collected, depth), CTD profile, sediment, fish counts, fish CPUE and data
collected from individual fish (e.g., length, age), etc.
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Chapter 1. Depth and substrate as determinants of distribution of
juvenile flathead  sole (Hippoglossoides  elassodon) and rock sole
(Pleuronecfes  bilineafus)

by Alisa  A. Abookire and Brenda L.  Norcross

published in Journal of Sea Research and printed in this report with the journal’s
express permission (Appendix 11-3)

Abstract

Three transects in Kachemak Bay, Alaska, were sampled in September 1994, May and
August 1995, and February, May, and August 1996. Juvenile flathead sole, Hippoglossoides
elassodon, and rock sole, Pleuronectes  bilineatus,  were the most abundant flatfishes, comprising
65-85% of all flatfishes captured at any period. Collections of fish and sediments were made at
regular depth contour intervals of 10 meters. Habitat distribution was described by depth at 10 m
incrcmcnts  and sediment percent weights of gravel, sand, and mud. Year-round habitat of flathead
sole age-0 was primarily from 40 m to 60 m, and age-l habitat was primarily from 40 m to 80 m.
Summer habitat of rock sole ages-0 and 1 was from 10 m to 30 m, and in winter they moved
offshore to depths up to 150 m. Both age classes of flathead  sole were most abundant on mixed
mud sediments, while age-l were also in high abundance on muddy sand sediments. Rock sole
ages-0 and 1 were most abundant on sand, though age-l were also found on a variety of
sediments both finer and coarser grained than sand. Flathead  sole and rock sole had distinctive
depth and sediment habitats. When habitat overlap occurred between the species, it was most
often due to rock sole moving offshore in the winter. Abundances were not significantly different
among seasons for age-l flatfishes.

1. I Introduction

Commercially targeted flatfish species in Alaska are Pacific halibut (Hippoglossus  stenolepis),
arrowtooth flounder (Atheresthes stomias), flathead  sole (Hippoglossoides eZas.sodon),  rock sole
(PZeuronectes  bilineatus),  rex sole (Errex  zachirus),  Dover sole (Microstomus  pacificus),
yellowfin sole (Pleuronectes  asper),  and starry flounder (PZatichthys  stellatus).  In North Pacific
federal waters the flatfish fisheries are divided into 5 groups: arrowtooth flounder, flathead sole,
deep-water flat&h,  rex sole, and shallow-water flatfish (including rock sole) with primary targets
on rock, rex, and Dover sole (NPFMC,  1995). In 1995 the total value of flathead sole and rock
sole commercial fisheries outside the three mile limit was 1.4 million and 5.3 million dollars
respectively (Bret Fried, Alaska Department of Revenue, Juneau, Alaska, pers. comm).  Ifwe are
to insure accurate estimates of recruitment to the fishery, we must be informed about juvenile
populations and their nursery grounds. Once species specific nursery habitats are defined, it will
be possible to monitor how changes in habitat might affect the juveniles of flatfish stocks,
potentially causing variation in recruitment to the fishery. Specifically, oil spills threaten the
nursery habitat quality, as close interaction with the sediment exposes flatfishes to oil (Moles et al.,
1994, Moles and Norcross, 1995).

Sediment grain sii has an important influence on the distribution of flatfishes; individual species
can distinguish between and actively select sediments based on grain size (Gibson and Robb, 1992;
Walsh, 1992; Gibson, 1994; Moles and Norcross, 1995). Flatishes have demonstrated strong
preferences for specific gain  sizes both in laboratory experiments which controlled for food and depth
and in field studies. For example, in the laboratory, rock sole prefer sand, yellowtin sole prefer mixed
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mud/sand and Pacific halibut prefer mud/sand or sand (Moles and Norcross, 1995) and will remain on
favored sediment even when that sediment is polluted with oil and an unoiled, less favored grain size is
irvailable  (Moles et al., 1994). Additionally, field studies support the hypothesis that sediments can
tdefhre  flatfish habitat. In the North Sea, sandy flats are more densely populated with plaice
l:Pleuronec1es@&em) than muddy areas (Berghahn,  1986; Pihl and van der Veer, 1992). Within the
Irish  Sea, homogeneous fine-grained sediment is an important determinant of juvenile sole (SoZea
solea)  distribution, with availability of prey also playing an important role (Rogers, 1992).

Sediment selection by different age-0 flatfishes within a single nursery ground is species specific,
;.rnd sediment preference is determined by more than matching the size of the fish with the grain size of

II he sediment (Moles and Norcross, 1995). Preference of substrate may be related to the ability of a fish
11.0  bury effectively, which is dependent on grain and fish size (Tanda, 1990). Flatfishes bury in
;;ediment  for protectiun  from predation (Tanda,  1990; Burke et al., 1991; Rogers, 1992; Gibson,
1994) and strategic feeding (Gibson and Robb, 1992; Rogers, 1992). Sediment gram size has been

related to distribution, abundance, and composition of juvenile fladish prey (Pearcy, 1978; Fresi et al.,
1983; Holladay and Norcross, 1995a). However, sediments do exist that have low densities or absence
Iof  flatfrshes  that select that particular sediment (Rogers, 1992),  suggesting the complexity of habitats
within nursery grounds. Additionally, hydrodynamics of the region and benthic organisms are related to
;;ediment characteristics and probably affect juvenile fladish distribution (Pearcy,  1978; Gibson and
:iXobb,  1992; Rogers, 1992).

Water depth directly influences habitat structure in the coastal areas which potentially serve as
nursery grounds, and also plays an important role in determining the distribution of juvenile flatfishes
IRogers,  1992; Gibson, 1994; Norcross  et al., 1995). Benthic community structure and composition
l,Pearcy,  1978) and diet (Holladay and Norcross, 1995a) have been r-elated to depth. Water depth
s one of the most important determinants of juvenile flatftsh distribution, as shallow nursery grounds
‘generally provide appropriate substrate, higher temperatures, lower predation risk and abundant  food
~(Minami  and Tanaka, 1992; Gibson, 1994). In bays around Kodiak Island, Alaska, rock sole age-0 are
round predominantly at depths less than or equal to 50 m on sand or mud/sand substrate, and age-0
Flathead  sole are found predominantly at depths greater than 40 m on mud or mixed mud substrates
INorcross  et al., 1995).

Lower Cook Inlet is a productive estuary which supports many commercial and sport fisheries;
aowever,  the limited research on flatfishes in this region has focused on adults (Bechtol and Yuen,
1995). Kachemak Bay is located in eastern lower Cook Inlet, and it is partially divided into inner
and outer regions by Homer Spit (Figure I-5). The sediment distribution in Kachemak Bay is a
result of circulation patterns which are dominated by two large gyres in the outer bay (Trashy  et
al., 1977). This study provides the first information about the role of lower Cook Inlet and specifically
Kachemak Bay as a nursery ground for juvenile &fishes.  While we recognize there are other factors
that might afkct  habitat of juvenile naffishes, the objectives of this study are (1) to define year-round
iuvenile flathead  sole and rock sole nursery areas by depth and sediment, and (2) to compare variability
in abundances of flathead  sole and rock sole during two springs and three summers.

7.2 Materials and methods

A pilot study to investigate the potential of Kachemak Bay as flatfish nursery grounds was
conducted Tom  September 24 to 3 0,1994;  at that time 16 stations were sampled. Three transects were
established from  May 3 to 11,1995,  when 19 stations were sampled. These initial stations were
incorporated into a total of 41 permanent stations in Kachemak Bay, Alaska (Figure I-5) which were
sampled from  August 1 to 9,1995,  and February 24 to March 3, May 21 to 3 1, and August 7 to 17,
1996. These sampling periods represented oceanographic spring (May), summer (August  and
September), and winter (February). The three transects were chosen based on distributions and
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highest abundances of flatfishes from  our September 1994 pilot study. The 41 permanent  stations
were located at 10 + 2 m depth increments on each transect on a gradually sloping bottom where
depth intervals could be clearly defined. (Figure I-5). The first transect extended 7 km from the
head of Kasitsna Bay (KS) with stations at depths 10, 20, 30, 40, 60,  80,  and  100  m (Figure  1-5).
Due to steep bottom topography, we were unable to sample at 50, 70, or 90 m. The second
transect extended 13 km across outer Kachemak Bay from McDonald Spit to BluffPoint  (MC-
BP) with stations at depths MC: 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110,  and BP: 90, 80, 70,
60,  50, 40, and 30 m (Figure I-5). Stations at BP20 and BP10 were not permanent stations due to
extensive gear damage from boulders and rocks. The third transect extended 9.5 km across inner
Kachemak Bay from China Poot Bay to east of Homer Spit (CP-HS) with stations at depths CP:

5, 10, 60, 80, 100, 150, and HS: 100, 90, 80, 70, 60, 50, 40, 30, 20, and  10  m (Figure  I-5).

Stations off China Poot Bay could not be sampled in depth increments of 10 m due to extremely
steep slope. Due to the limited number of stations sampled in September 1994 and May 1995,
maximum depth sampled during those periods was 70 m and 110 m, respectively.

/Ill sampling took place fi-om  a 9.3 m aluminum Munsen skiff. Samples of fishes, vertical CTD
(conductivity, temperature and depth) data, and substrate were collected from  all stations. Standard
tow duration was ten minutes. Minutes after high tide and minutes after sunrise were recorded at
each tow. Global Positioning System (GPS) was used to determine towing distance, and a
fathometer measured station depth. A 3.05 m plumbstti beam trawl equipped with a double
tickler chain (Gunderson and Ellis, 1986) was towed at all stations. The net body had 7 mm
square mesh size with a 4 mm mesh codend  liner. Towing direction concurred with the direction
of the tide. All fishes were identified to species (Robins et al., 199 l), counted and measured to the
nearest mm total length.

Sediment was collected at each station at the start of tow position with a 0.06 m3 Ponar grab
which sampled the top 3-7 cm of the sediment. Samples were frozen and returned to Fairbanks
for grain size analysis using a sieve/pipette procedure (Folk, 1980) which determined percentage
of gravel, sand and mud following the Wentworth scale (Sheppard, 1973).

Fish data were standardized based on distance towed rather than time, as the distance towed
in 10 minutes varied with sediment type and tide stage. The area towed was calculated as the
effective width of net, 0.74 (Gunderson and Ellis, 1986) multiplied by the width of our trawl beam
(3.05 m), multiplied by distance towed. Fish data were standardized to catch per unit effort
(CPUE) for an area of 1000 rn’. Ages of flathead  sole and rock sole were estimated based on length-
frequency plots using 1 April as a birthdate (Appendix 11-4).

Statistical analyses were performed on a combined data set containing data from all six
cruises. As a dimension reduction technique, canonical discriminant analysis was used to examine
presence/absence of juvenile flathead  and rock sole with depth, percent sand, percent mud,
temperature, salinity, t.irle  st.age,  ad rrlirlulcs  of daylight  u&g SAS  s&ware,  vcrsivn G. 11 (SAS
Institute Inc., 1996). A separate analysis was done for each age-class of each species. Linear
combinations of the original variables were derived to produce canonical variables that summarize
between-class variation in the data. The original variables were then correlated with the canonical
variables to produce canonical correlation components, with the first canonical correlation
accounting for the maximal multiple correlation. The (+) or (-)  sign of the canonical coefficient
within the canonical correlation resulted from  the frequency and weight of presence and absence in the
data. The two highest canonical coefficients were chosen from  the first canonical correlation to account
for presence/absence of flathead  sole and rock sole.

Cluster analysis of stations by percent sand and mud using Euclidean distance and the average
linkage method was performed using SAS. Sediment samples were not averaged over years for
each station. Rather, each station was independently clustered based on the sediment grain size
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collected at the start of each tow. Cluster numbers were replaced with a sediment code modified
fi-om Folk’s (1980) scheme.

Analysis of variance (ANOVA)  followed by Bonferroni multiple comparison tests were performed
at 0.05 alpha level using SAS. One factor ANOVAs  by year were used to test for interannual  variability
ii 1 the spring and summer for age- 1 flatflshes. For both age groups, a two-factor ANOVA  by depth at
10 m increments, season, and the depth-season interaction was performed separately from a two factor
ANOVA  by sediment and sediment-season interaction and a two-factor ANOVA  for sediment-depth
interaction. Data did not lend themselves to a combined three-factor ANOVA  due to the large number
cf empty cells when sediment data were combined with other variables. All CPUE data were log (X+1)
tansformed  to correct for heterogeneity of variance (Johnson and Wichern, 1992). Significance was
established at values of p 5 0.05.

f.3  R e s u l t s

Flathead  sole and rock sole represented a large percentage of all juvenile flatfishes captured in
Kachemak  Bay: 77% in September 1994,85%  in May 1995,8  1% in August 1995,80%  in February
1996,65%  in May 1996, and 83% in August 1996. Flathead  sole age-0 were most abundant in

15,  eptember 1994 (N = 379),  and none were caught in May 1995 or May 1996. Flathead  sole age-l
were  most abundant in August 1995 (N = 3 16). Rock sole age-0 were most abundant in August 1996
(Y = 130 l), and none were caught in May 1995. Rock sole age- 1 were most abundant in May 1995 (N
=: 146) and August 1996 (N - 144). The total number ofjuveniles captured for all seasons and years
(: ombined was 726 5athead  sole age-O, 126 1 flathead  sole age- 1, 1975 rock sole age-O, and 56 1 rock
sole age-l.

Seasonal differences in abundances for flathead sole age-l (F = 1.8 1, p = 0.148 1, N = 197) and
rock  sole age-l (F = 0.17, p = 0.9137, N = 197) were not significant. Spring abundances offlathead
soleage-l (F=O.l5,p=.7034,N=60)androcksoleage-1  (F= 1.83,p=O.l818,N=60)werenot
s@nificantly different between 1995 and 1996. Summer abundances of flathead  sole age-l (F = 0.6, p =
1: .5495,  N = 98) and rock sole age-l (F = 0.96, p = 0.3883, N = 98) were not significantly different
among years, and abundances of flathead  sole age-0 (F = 9.1, p = 0.0002, N = 60) were significantly
different. Summer variability for rock sole age-0 could not be rejected (F = 2.94, p = 0.0574, N = 98)
at 95% significance.

The fiist canohical  Goirelation  assigned low coefficients to the variables temperature,  sali&y, tide
stage, and minutes of daylight for the presence/absence of juvenile flathead  sole and rock sole. For all
ages of flathead  and rock sole, depth and either percent sand or percent mud were assigned the highest
canonical coefficients. The first canonical correlation assigned depth and sediment with the two highest
canonical coefficients to explain the presence/absence of both ages of juvenile flathead  sole and rock
sole. Canonical variables for flathead  sole scored presence higher than absence so that increased depth
and high percent mud translated to presence. Depth and percent mud had equal canonical coefficients
(3.670) for presence of flathead  sole age-O,  and depth (0.553) and percent mud (0.508) had the highest
c anonical  coefficients for presence of flathead  sole age- 1 (Table I-4). Rock sole canonical variables
:szored absence higher than presence so that increased depth and low percent sand or high percent mud
t,-anslated to absence (Table I-4). Depth (0.617) and sand (-0.5 18) had the highest canonical
~coefficients for absence of rock sole age-0 and depth (0.964) and mud (0.633) for absence of rock sole
age-l (Table I-4).

All transects had at least one station with both flathead  sole and rock sole present. Of the 41
r ermanent stations, 24 had species overlap, and those at which this occurred more than once were:
MC20,  MC30, MC40, MC50,  HS30, HS40, HS50, HS60, and KS80 (Figure I-5). Because physical
rroperties such as temperature and sediment type often changed at a station between years, we
I; onsidered the overlap at the total number of stations sampled. Of the 197 stations sampled over the 6
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cruises, OIIIY  36 stations  (18%) had both flathead and rock solo present  at the ,ta,me  he (Table  1-5).  Of

these 36 stations, 50% had 2 70% flathead  sole present and 3 1% had ~70%  rock sole present. The
remaining 7 stations (19%) had very low abundance of flatfishes  (N 5 12 of each species) except for
station HS30  in August 1996, which had 58 flathead  sole and 49 rock sole. The percentage of stations
with both species present was highest in winter and low in spring (Table I-5).

1.3.1 Sediment

Sediments in outer Kachemak Bay were variable with boulders and cobbles at the northern
shore, shell debris further offshore, and sandy mud in the center of outer Kachemak Bay. Inner
Kachemak Bay was dominated by fine-grained sediments, and the sediment distribution did not
grade regularly from coarse sand to mud with increasing depth. Since the relationship between
depth and sediment was different between outer and inner Kachemak Bay, a wide range of depth
and sediment combinations were available within relatively close proximity. For example, at 30 m
along the northern shore of outer Kachemak Bay (BP30)  sediments were cobble and boulder
mixed with coarse sand, whereas inner bay sediments at 30 m (HS30)  were fine mud and silts
(Figure I-5; Appendix II-5).

Cluster analysis of stations by percent sand and mud resulted in eight sediment clusters
(Figure I-6). Sediment clusters were assigned descriptive codes for identification. Sediment
clusters in order of increasing grain size were: mud and mixed mud = M, sandy mud = sM, equal
parts mud and sand (mud/sand) = MS, muddy sand = mS,  muddy gravelly sand = mgS,  at least
90% sand = S, sandy muddy gravel = smG,  and gravel = G. Cluster M had the finest grain size
with > 57% mud (< 62 p), and cluster G had the coarsest grain size with > 65% gravel (>  2 mm)
(Figure T-6)

Combined over all seasons, flathead sole ages-0 and 1 were on mixed mud sediments.
Although in different magnitudes, mud, sandy mud, mud/sand, and muddy sand had high
abundances of flathead  sole ages-0 and 1 and low abundances on sand, sandy muddy gravel, or
gravel substrates (Figure I-7). Age-l were more abundant than age-0 on the coarser grain sizes of
sand and gravel. Based on Bonferroni t-tests, abundances of flathead sole age-0 were significantly
higher on mud than sand. Abundances of flathead sole age-l had significant differences between
mud and sand, mud/sand and sand, and muddy sand and sand. Rock sole ages-0 and 1 were most
abundant on sand (Figure I-7). Age-O were more concentrated on pure sand; whereas, age-l spread
out to both finer and coarser grain sediments (Figure I-7). Abundances of rock sole ages 0 and 1
were each significantly higher on sand than all other sediment types.

Abundances of flathead  sole age-0 (F = 3.66, p = 0.0001, N = 197),  flathead  sole age-l (F =
4.13, p = 0.0003, N = 197),  rock sole age-0 (F = 11.62, p = 0.0001, N = 197),  and rock sole age-
1 (F = 7.5 1, p = 0.000 1, N = 197) were significantly different among sediment clusters. Both ages
of flathead  sole and rock sole were found on habitats with mud, sandy mud, mud/sand, and muddy
sand. At these four shared sediment types, flathead  sole were present more often than rock sole (Figure
I-7). There was no significant interaction for flathead sole age-l 0; = 1.27, p = 0.2284, N = 197) or
rock sole age-l (F = 1.42, p = 0.1502, N = 197) between sediment clusters and season. However,
flathead sole age-0 0; = 2.11, p = 0.0135, N = 197) and rock sole age-0 (F = 3.42, p = 0.0001, N
= 197) each had a significant interaction effect. In August and February, flathead sole age-0 were
on mud almost exclusively, and in September they were most frequently on mud/sand, and sandy
mud. Rock sole age-0 selected sand almost exclusively in August and frequently in September;
however, in February they selected mud more than any other sediment.

1.3.2 Depth
Flathead  sole age-0 predominant depth range for all seasons combined was from 40 m to 60 m,

and flathead  sole age-l had high abundance at each depth increment from 40 m to 80 m (Figure I-8).
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Based on Bonferroni t-tests for all seasons and sediment types combined, mean abundances of
flathead sole ages-0 and 1 each had significant differences between depth pairs: 10 and 40, 50, 60.
Flathead sole age-l also had significantly different mean abundances between depth pairs: 10 and
73,  80; 50 and 20, 30, 100; and 60 and 20, 30, 100, 110, 150. Depth distribution of flathead sole
age-1 was highest from 40 m to 80 m and zero or low abundances at 10 m, 20 m, 30 m, 100 m,
I. 10 m, and 150 m (Figure I-8). Abundance of flathead sole age- 1 at 90 m was not significantly
different according to Bonferroni t-tests. No flathead  sole were captured at depths 5 m, 10 m, or 150
rr L (Figure I-8).

Highest abundance of rock sole age-0 for all seasons combined was at 20 m, and for rock sole
a,!;e-1  at 10 m (Figure I-8). Both ages had high abundance within the depth range of 10 m to 30 m
(l~igure  I-8). In summer months rock sole ages-0 and 1 were found 5 50 m with highest abundances 5
3 3 m. Both ages of rock sole were found at depths > 60 m only in February and May 1996 , with the
exception  of an individual age-0 rock sole captured at KS80 (Figure I-5) in August 1996 at 80 m.
Rock sole age-0 were found at every depth increment from 60 m to 150 m in February and at 70 m and
8 3 m in May 1996 (Figure I-9). Bonferroni t-tests for all seasons and sediment types combined
S:I~OW  that rock sole ages-0 and 1 each had significantly higher abundances at 10 m and 20 m, than
a: depth increments > 60 m. Rock sole age-l had high abundances at 10 4 20 m, and 30 m, but
there were significantly more rock sole age-l at 10 m than at 30 m (Figure I-8). Rock sole age-l
were found at 60 m and 90 m in February and at 60 m in May 1996. Abundances of rock sole age- 1
were significantly higher at 10 m than any other depth except 20 m.

There were significant differences among 10 m depth increments for abundances of flathead  sole
a,ge-0  (F = 5.71, p = 0.0001, N = 197),  flathead  sole age-l (F = 5.99, p = 0.0001, N = 197),  rock sole
ase-0  (F = 3.65, p = 0.0001, N= 197), and rock sole age-l (F = 7.95, p = 0.0001, N - 197). There
was no significant interaction between depth and season for flathead sole age-l (F = 0.44, p =
0.9941, N = 197) and rock sole age-0 (F = 1.25, p = 0.2003, N = 197). However, this interaction was
SI  gnificant for flathead sole age-0 (F = 2.02, p = 0.0037, N = 197). Flathead sole age-0 were
concentrated at 40 m and 50 m in September, 60 m and 110 m in August 1995, 50 m and 80 m in
August 1996, 40 m and 100 m in February, and absent in May. Although September and February
both had highest abundances of flathead sole age-0 at 40 m, the abundance in September was 4
times higher than the abundance in February (Figure I-9). There was also a significant season and
depth interaction for rock sole age-l (I?  = 2.00, p = 0.0042, N = 197). In May and August, rock sole
age-l were predominantly at 10 m, whereas they were most abundant at 30 m in September, and
at 40 m in February (Figure I-8).

There was no significant interaction between depth and sediment for flathead  sole age-0 (F =
0.80, p = 0.7783, N = 197) or rock sole age-0 (F = 0.84, p = 0.7247, N = 197). Flathead sole age-l
(r?  = 1.99, p = 0.0027, N = 197) and rock sole age-l (F = 1.71, p = 0.0157, N = 197) each had a
sgnificant  interaction effect. Flathead sole age-l selected mud most often at all depths except 50
nl and 70 m, where muddy sand was selected over mud. Rock sole age-l was on sand most often
at each depth increment 5 20 m, muddy sand at 30 m, and mud at 40 m, 60 rn, 80 m, 90 rn, and
100 m.

f.4  Discussion
Rock sole and flathead sole were the most abundant juvenile flatfishes in Kachemak Bay. A

groundfish survey in October, 1989, found flathead sole was the most abundant adult flatfish  in
Kachemak Bay, followed by Dover sole, and rock sole (Bechtol and Yuen, 1995). Flathead sole
and rock sole appear to be well adapted to the habitats within Kachemak Bay as both juveniles
and as adults.

I-14



In Prince William Sound, Alaska, larval flathead sole were absent in April, most abundant in
May and June, and very low in abundance in July (Norcross and Frandsen, 1996). In Kachemak
Bay, flathead sole age-0 were probably absent in May during 1995 and 1996 because they were
still in the larval phase. Additionally, it appears that flathead  sole age-0 had not completely settled
into a demersal phase by August, as abundances of flathead sole age-0 were higher in September
1994 than August 1995 and 1996. Rock sole age-0 were absent in May 1995, and in May 1996
abundance was low (N = 10). Sampling was 19 days later in May 1996, indicating that either rock
sole begin to settle in mid-May in Kachemak Bay or there is interannual variability in settling time.

Juvenile flatfishes were clearly distributed according to sediment type preferences; however,
flathead sole age-l and rock sole age-l were found on more sediment types than age-0 flatfishes.
Flathead sole age-l were found predominantly on mixed mud sediments but also spread out to
larger grain sizes like muddy sand. Similarly, rock sole age-l were found predominantly on sand
but spread out to both finer and coarser grained sediments (Figure I-7). Other studies have
observed that as fish size increased more sediment grain sizes were suitable for survival. Age-O
Juvemle flatfishes  may be lnmted in then- ability to select certam  sediment gram sizes because of
their small size and the energy expenditure required for burial, whereas larger, more power&l
juveniles are able to bury in coarser sediments (Gibson and Robb, 1992). Thus, as flatfishes
increase in age and size they may be able to bury in a larger range of grain sizes (Moles and
Norcross, 1995). In Kachemak Bay, there were very low abundances of juvenile flatfishes on
coarse sediments. Similarly, there was a negative correlation between gravel and abundances of
juvenile flathead sole and rock sole in bays around Kodiak Island, Alaska (Norcross et al., 1995).
There appears to be an upper limit to the grain size suitable for these species.

Flathead  sole and rock sole had d&cring habitat requirements in depth and substrate with spatial
overlap limited to 7-19% of the stations in spring and summer, but rising to 5 1% of the stations in
winter. Most of the habitat overlap can be explained by rock sole age-0 habitat extending offshore
into deeper, muddier water in the winter (Figure I-9). Rock sole appeared to spread to sediments
outside their typical range and were more adaptable than flathead sole to different sediment types.
In laboratory experiments, rock sole age-0 preferred different sediments based on the density of
fish. As the density of rock sole increased, they were more likely to choose mud-based sediment,
although sand was still chosen more often than mud regardless of fish density (Moles and
Norcross, 1995).

In addition to distinctive sediment habitats, flathead sole and rock sole had distinctive depth
habitats as well. Both ages of flathead  sole had high abundances from  40 m to 60 m, and rock sole had
low abundances from 40 m to 60 m. Flathead  sole age-l may have had a deeper predominant depth
habitat than age-0 because as most juvenile flatfishes grow they gradually move farther offshore
(Gibson, 1994). In the spring and summer months rock sole ages-0 and 1 were most abundant < 30 m
depth. These habitats were consistent with summer habitat models Corn Kodiak Island, Alaska, in
which rock sole age-0 were present at depths < 28 m (Norcross et al., 1997). Much of the spatial
overlap between flathead  sole and rock sole occurred in winter when rock sole moved offshore to
depths up to 150 m. Strong winter bathymetric  movements into deeper waters were observed for
juvenile ground&h in Prince William Sound, Alaska (Rogers and Rogers, 1986),  and for Dover sole
and rex sole off the Oregon coast (Pearcy,  197s).

The influences of depth and sediment type are ofien  difficult to separate due to the close
correlation between depth and grain size. In the majority of marine systems the relationship
between current speed and sediment particle site dictates that coarse-grained sediments
accumulate near slopes and in high energy areas with swiR currents, sand accumulates near the
coast, and fine-grained, muddy sediments accumulate in deeper areas where bottom currents are
weak (Laevastu and Hela, 1970). This depth and sediment relationship exists in outer Kachemak
Bay; however, inner Kachemak Bay is dominated by fine silts and mud. This range of sediments at
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I : he same depth within Kachemak Bay provided some data to differentiate between the  effects  of
depth and sediment on juvenile flatfish distribution, Where equally high numbers of flathead sole
xnd rock sole coexist (HS30),  the depth was 30 m and the sediment type was mud; depth
lx-imarily defined habitat for rock sole, while the sediment type defined habitat for flathead sole at
1 his station.

Both flathead sole age-l and rock sole age-l had significant depth and sediment interaction
effects. Selection of habitat type was depth related where sand was not available at deep depths in
Kachemak Bay, but mud was present at stations as shallow as 20 m; therefore, the significant
interaction for rock sole age-l may reflect sediment availability more than preference. With the

present analysis, it is unclear why sediment selection changed with depth for flathead  sole age- 1;
additional environmental or biological factors which are related to depth, such as temperature
(Pearcy,  1978) or prey distribution (Holladay and Norcross, 1995a),  may explain these significant
interactions. Rijnsdorp et al. (1995) identified a need for future research to develop a model which
predicts presence or absence of juvenile flatfishes by measuring habitat characteristics and physical
parameters of the area. This  study focused on depth and substrate because they were factors
which  clearly defined juvenile flathead sole and rock sole habitat with low overlap; however, we
recognize that other factors such as temperature, distribution of prey, predation, competition, and
 hydrodynamic factors play critical roles in habitat suitability (Rijnsdorp  et al., 1992; Gibson,

1994).
Seasonal interannual variability for flathead  sole age- 1 and rock sole age- 1 was not significant.

Miller (1994) stated that mechanisms which ‘regulate’ recruitment are often density dependent
and reduce interannual variability. Interannual variability among seasons in abundances of flathead
sole age-l and rock sole age-l was not significant, suggesting that recruitment may have been
 regulated’  (Miller, 1994) before age-l. We tentatively suggest age-l may be an appropriate age
to  monitor for recruitment predictions of these species.

Defining juvenile flatfish nursery areas is essential for management decisions relating to
habitat preservation-and restoration (Burke et al., 1991). Suitable nursery areas are critical for
European flatfishes Solea  solea and Pleuronectes  platessa,  because if nursery size were reduced,
numbers of juvenile flatfishes would not compensate by increasing their densities, and the total
stock  would be reduced (Zijlstra, 1972). It is unclear if this applies as severely to Alaskan flatfish
nursery grounds; however, Zijlstra’s  (1972) findings demonstrate the importance of defining and
preserving juvenile habitats to maintain the integrity of current fish stocks. Once the habitats and
distribution patterns of juvenile flatfishes are known, monitoring their growth, survival, and
subsequent recruitment will be more accurate. This study clearly defined the seasonal distribution
ofjuvenile flathead sole and rock sole by depth and sediment in Kachemak Bay.
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Chapter 2. The effects of seasonal temperature and salinity patterns
on distribution, abundance, and growth of juvenile flathead  sole and
rock sole in Kachemak Bay, Alaska

by Alisa  A. Abookire and Brenda L. Norcross

Abstract

Seasonal and interannual distributions in bottom temperature and salinity in Kachemak Bay
were investigated in spring, summer and winter from September 1994 to August 1996. Mean
bottom temperature in August was l.O”C higher in 1996 than 1995, and mean bottom
temperature in May was approximately 15°C higher in 1996 than in 1995. Differences in bottom
temperatures, but not salinities, were present among transects within the bay in May 1995,
February 1996, and August 1995 and 1996. In winter, deep mixing of the water column was
observed.

Distribution and abundance of flatfishes were not related to bottom water temperatures or to
salinities. The seasonal offshore movement of rock sole could not be attributed to changes in
bottom temperatures; thus, unmeasured factors such as winter mixing, competition, or food
availability may have intluenced their distribution. Temperature did not define habitats for these
species in Kachemak Bay beyond previously defined models based on depth and sediment
(Abookire and Norcross, 1998-Chapter  1 in this report). Differences in fish abundance were not
related to seasonal or interannual temperature differences.

Mean length increases of flathead sole (Hippoglossoides ehssodon) and rock sole
(PZcuronccfcs  bilincafus)  fi-om the 1334 and 1335 year-c;lasscs  (UC)  wcrc compared  within and
between species to examine the relationship between growth rate and temperature. Among
seasons, growth was greatest fi-om spring to summer, and temperature had a positive effect on
growth. However, temperature differences between years had a positive relationship with growth
only for flathead sole age- 1. The results indicate that other unmeasured factors such as food
quality or quantity may be important for growth of flathead sole and rock sole in Kachemak Bay.
To monitor year-class strength of flathead sole and rock sole, we recommend specific habitats be
sampled in mid-August when abundances are high.

2.7 Introduction

Kachemak Bay is a year-round nursery area for juvenile flaffishes, and flathead sole
(Hippoglossoides elassodon) and rock sole (Pleuronectes bilineatus) dominate the juvenile
flatfish community (Abookire and Norcross, 1998-Chapter  1 in this report; Appendices II-1 and
II-6 in this report). Parameters defining habitat have recently been established in Southcentral
Alaska for several species of juvenile flatfishes (Moles and Norcross, 1995; Norcross  et al., 1995,
1997; Abookire and Norcross, 1998-Chapter  1 in this report). Unlike the extensive flatfish
database from the North Sea (Belle et al., 1994),  little is known about juvenile flatfishes in
Alaska. Paul et al. (1992),  who provided the first information on the bioenergetic requirements for
flathead sole, has stated that first year minimum prey rations are from 2.2 to 6.2% bw/day  at 4°C.
Moles and Norcross  (in review) provide the first estimate of initial growth rates of rock sole, from
0.11 to 0.14 mm/d at 10°C (Adam Moles, Auke Bay LaboratoryNMFS, pers. comm.).  Both
species recruit to the commercial fishery at age-4, and each has a total allowable catch of
approximately 30,000 metric tons in the Gulf of Alaska (NPFMC,  1995).
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Temperature, fish size, and food quality and availability are important factors determining
growth of flatfishes (Deniel, 1990; van der Veer et al., 1994). Variation in growth rates is often
related to temperature differences on local to global scales (Gibson, 1994; Rijnsdorp et al., 1995).
When food is unlimited, temperature influences growth (Gibson, 1994),  as feeding rates and mean
growth rate increase with temperature (Malloy and Targett, 199 1). Growth rates of juvenile
Atlantic halibut (HippogZossus  hippoglossus)  (Hallar&er  et al., 1995) and witch flounder
(Glyptocephalus  cynoglossus) (Burnett et al., 1992) are affected by temperature. Temperature
preferences may also vary among age groups of the same species (Burnett et al., 1992; van der
Veer et al., 1994). Compared with temperature, salinity has limited effects on growth rates
(Malloy and Targett, 1991; Gibson, 1994).

Seasonal temperature changes oRen result in dynamic spatial distribution of juvenile flatfishes
(Laevastu  and Hela,  1970). Distribution ofjuvenile flatfishes v&in  a nursery area varies with species,
locality, season and year; additionally, seasonal migration between winter and summer habitats is
common (Minami and Tanaka, 1992). Seasonal water temperature fluctuations may account for a
difference in the regional distribution of juveniles due to individual species’ physiological tolerances and
preferences for temperature (Minami and Tanaka, 1992). In the Middle Atlantic Bight, juvenile
summer flounder (Paralichthys  dentatus) (Able et al., 1990) and adult Atlantic croaker
(Mcropogonias undulatus)  (Norcross and Austin, 1988) are distributed in relation to
temperature, and migrate offshore seasonally. Fish distribution has been strongly correlated with
bottom water temperature for plaice (Pleuronectesplatessa)  (Gibson, 1973; Lockwood, 1974),
witch flounder (Burnett et al., 1992),  and juvenile dab (Lima&a  Zimanda) (Belle et al., 1994).
Norcross  et al. (1997) found bottom temperature to be a significant factor, along with depth and
substrate, in determination of flathead sole age-0 habitat near Kodiak Island, Alaska, but not for
rock sole age-O.

If we are to understand and monitor recruitment variability and fluctuations in year-class
strength, it is essential to first understand the environmental factors which influence growth,
feeding, and survival ofjuveniles (Malloy and Targett, 1991; van der Veer et al., 1994). Mortality
of juvenile fishes is generally size dependent and will decrease as fish grow; therefore, rapid
growth of juveniles may reduce size-selective predation (Malloy and Targett, 1991; van der Veer
et al., 1994). Because faster growing juveniles mature at a younger age, they contribute more to
the reproductively viable adult population (Gibson, 1994; van der Veer et al., 1994).

Studies of juvenile flatfish habitats in Kachemak Bay indicate that flathead sole occur
predominantly at depths of 40 m or greater on mixed mud substrates year-round. Rock sole are
most abundant at depths of 30 m or less on sand substrates in the spring and summer, with an
offshore movement in winter to depths of 150 m on mud substrates (Abookire and Norcross,
1998-Chapter  1 in this report). Because of the strong seasonal signal in rock sole habitat
combined with the reality that depth and temperature are often  confounded, temperature is
investigated to fine-tune those models of species distribution by depth and sediment. This
investigation provides baseline data for age-specific temperature ranges in Kachemak Bay, and
will focus on how seasonal changes in bottom water temperature affect growth, abundance and
distribution of juvenile flathead sole and rock sole. Since the water entering Kachemak Bay
originates in the Gulf of Alaska and has a strong s~usonal  signal (Roya,  1375; Mucnc;h  ct ul.,

1978),  we investigate (1) temperature and oceanographic differences within Kachemak Bay and
between years. The effects of bottom water temperatures on (2) distribution and (3) abundance of
juvenile flathead sole and rock sole are also investigated. IJecause  variability in abundances of
age-l flathead sole and rock sole were not significantly different among seasons or years
(Abookire and Norcross, 1998-Chapter  1 in this report), we hypothesize that temperature will
not have a significant affect on abundance. Additionally, we investigate (4) the relationship
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between bottom temperatures and mean length increase to test the hypothesis that growth will be
greatest from spring to summer and in years with higher bottom temperatures.

2.1.1 Study site

Cook Inlet, a large estuary in the Northern Gulf of Alaska, is about the same length as the
Chesapeake Bay (Muench et al., 1978). Water circulation in lower Cook Inlet is counterclockwise
as Gulf of Alaska water enters at the southeast end through Kennedy Entrance and water flows
out along the west side of Cook Inlet into Shelikof Strait (Anonymous, 1977). In&wing  seawater
originates in the northern Gulf of Alaska (Muench et al., 1978) and has a strong seasonal signal
(Royer, 1975). Lowered salinity and higher temperatures occur during the summer due to
increased freshwater input and increased insolation (Royer, 1975). In winter, thermohaline and
wind mixing and decreased stratification combine with decreased insolation and cessation of
freshwater input to produce lower temperatures, higher salinity, and more dense water (Royer,
1975). A localized tendency for upwelling in the central lower inlet supplies nutrient-rich, cold
water from depth, and the northerly flow transports this biologically rich water mass into
Kachemak Bay (Muench et al., 1978).

Kachemak Bay is located in eastern lower Cook Inlet, and it is partially divided into inner and
outer regions by Homer Spit (Anonymous, 1977). Spring and summer circulation patterns in
Kachemak Bay are dominated by two large surface gyres in the outer bay (Trasky et al., 1977).
Kachemak Bay waters have seasonal variation in temperature, salinity, and density distribution.
There is increased input of freshwater runoff and warming of the surface due to increased
insolation in late spring and summer, which result in well-defined stratification of the water
column (Anonymous, 1977). Such seasonal stratification combined with river input of nutrients yields
extraordinarily high primary productivity (Anonymous, 1977). In the fall and winter, freshwater input
is reduced to very low levels and surface cooling from winds reduces stratification. Temperature
inversions also may occur as the less saline upper water becomes cooled by winter-  winds and
becomes more dense than the more saline, warmer bottom water, resulting in strong convective
mixing throughout the water column (Anonymous, 1977).

2.2 Methods

To investigate the potential of Kachemak Bay as flatfish nursery grounds, a pilot study was
conducted from September 24 to 30, 1994; during that time, 16 stations were sampled. From May 3 to
11, 1995, 19 stations were sampled and transects were established. These initial stations were
incorporated into a total of 4 1 permanent stations in Kachemak Bay, Alaska, (Figure I- 10) which were
sampled from  August 1 to 9,1995,  and February 24 to March 3, May 2 1 to 3 1, and August 7 to 17,
1996. This sampling included oceanographic spring (May), summer (August and September), and
winter (February). When possible, fish trawls were taken at 10 * 2 m depth increments on 41
permanent stations located along five transects (Figure I- 10). Sampling error between replicate
tows was minimal and when replicate good tows were obtained at a station the fish numbers were
averaged. The first transect extended 7 km from the head of Kasitsna Bay (KS) with stations at
depths 10,20,30,40,  60, 80, and 100 m (Figure I-10). The second and third transects extended
13 km across outer Kachemak Bay from McDonald Spit to Bluff Point (MC-BP) with stations at
depths MC: 10,20,30,40,  50,60,70,  80, 90,100, 110 m, and BP: 90, 80,70,60,  50,40, and 30
m (Figure I-l 0). The fourth and fifth transects extended 9.5 km across inner Kachemak Bay from
China Poot Bay to east of Homer Spit (CP-HS) with stations at depths CP: 5, 10, 60, 80, 100,
150, andHS: 100, 90, 80, 70, 60, 50, 40, 30, 20, and 10 m(FigureI-10).

Fish trawls and vertical collections of CTD (conductivity, temperature and depth) data were
done at all stations. A 3.05 m plumbstaff  beam trawl equipped with a double tickler chain
(Gunderson and Ellis, 1986),  net body mesh with 7 mm, and a codend  liner with 4 mm mesh was
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towed  at all stations. Fish data wcrc  standardized to catch per unit effort (CPUE) for M  QTG~  of
1000 m2.  Towing procedure and calculation of CPUE are described in Abookire and Norcross
(1998-Chapter  1 in this report). All fishes were identified to species, counted and measured to
the nearest mm total length. Age groups -0 and - 1 were estimated with plots of length-frequency
distribution using 1 April as a birth date, and growth was estimated with mean length increase
between sampling periods.

Bottom temperature was measured every minute, and the average bottom temperature every
36 minutes was calculated and recorded with StowAway  XT1 temperature loggers from 27
February to 12 August 1996 at stations MC20 and KS 100 (Figure I-10). Scatter plots of the
StowAway  data and calculation of a linear regression were done with StowAway  temperature
data in S-Plus (S-Plus, 1993). Temperature transects across Kachemak Bay with CTD
temperature data were plotted with a minimum curvature  program (Surliel~,  1995). Correlation
coefficients for depth and temperature were calculated in Excel (Microsoft Excel, 1994).

To test if bottom temperature or bottom salinity varied significantly within Kachemak Bay,
bottom temperature and bottom salinity were each tested from February 1996, May 1995 and
1996, and August 1995 and 1996 data in one-way ANOVAs  against 5 transects using SAS
software, version 6.11 (SAS Institute Inc., 1996). September 1994 data were omitted from this
comparison among transects because no stations were sampled on transects BP, CP, or HS. May
and August interannual differences in bottom temperature and bottom salinity were tested with an
ANOVA  using SAS software, version 6.11 (SAS Institute Inc., 1996).

To test for bottom temperature or bottom salinity effects on the abundance of flatfishes,
multivariate regressions were used with the model of CPUE equal to depth and temperature using
SAS software, version 6.11 (SAS Institute Inc., 1996). A separate analysis was done for each age-
class of each species. Separate regressions were performed for each season; if significant, then
regressions were performed separately for that season in 1995 and 1996. No flathead sole age-0 were
captured in May; therefore, analysis was not done for that species and season. To eliminate
potential bias caused by depth effects on distribution, regressions were run only with data within
the depth ranges established in previous analyses, 2 40 m for flathead  sole and 1.30  m for rock
sole (Abookire and Norcross, 1998-Chapter  1 in this report). All CPUE data were log (X+1)
transformed to correct for heterogeneity of variance (Johnson and Wichem., 1992). All analysis of
variance (ANOVA)  tests were followed by Bonferroni  multiple comparison tests using SAS software,
version 6.11 (SAS Institute Inc., 1996). Significance was established at values of p 5 0.05.

Two-sample f-tests were used to test for differences in mean length of age classes between
years; significance was established at p 5 0.05 (Microsoft Excel, 1994).  To  compare the change in
growth across seasons, mean length increase per day (MLI/day)  was calculated and used to
estimate growth rates between seasons. To statistically compare MLI./day  between seasons, 95%
Bonferroni simultaneous confidence intervals (Johnson and Wichern, 1992) around the differences
of MU/day  were estimated with 1000 iterations of the bootstrap statistic (S-Plus, 1993). If the
95% Bonferroni simultaneous confidence interval between seasons did not contain zero, then the
two MLI/day  values were statistically different.

2-3  Resulfs

2.3.1 Temperature
Bottom temperatures were significantly higher in 1996 than 1995 in May (F = 199.18, p =

0.0001, N = 60) and in August (F = 62.55, p = 0.0001, N = 82),  and were significantly different
across transects in all sampling periods except May 1996 (Table I-6). From February 27 to
August 12, 1996, the bottom temperature increased linearly at MC20 (20 m) from 3.28 to
10.44OC  (R’ = 0.9703) and at KS100 (100 m) from 2.9 to 9.76”C  (R”  = 0.9702) (Figure I-l 1).
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Based on Bonferroni T tests, monthly bottom temperatures were significantly higher at MC20
than at KS 100 during each month from  February to August 1996 (Table I-7).

2.3.1.1  KS transect

May bottom temperatures on the KS transect were significantly colder in 1995 than 1996; for
example, at KS80 and KS 100 temperatures were 1.6”C  higher in 1996 (Figure I-12). In August
1995 the bottom temperatures were from  0.3 to 0.8OC  lower than in August 1996, but were not
significantly different based on Bonferroni T tests. Additionally, KS bottom temperatures  were

not significantly different among stations along the transect in September 1994, August 1995, and
August 1996. The water column was stratified at depths shallower than 10  m in May 1995, and  in
February the water column was mixed to 80 m (Figure I-12).

2.3. I.2  MC  and BP transects

Bottom temperatures were significantly higher in May 1996 than May 1995 on the MC
transect For example, bottom temperature at MC 110 was 1.2OC  higher in May 1996 than in 1995
(Figure I-13). Bottom temperatures on the BP transect ranged from 5 to 6°C and were not
significantly different in May 1995 or May 1996 (Figure I-13). Summer bottom temperatures
from 1994 to 1996 were significantly different along the MC transect, and on both MC and BP
transects August 1996 bottom temperatures were higher than in August 1995. In February 1996,
mixing occurred throughout the water column to 100 m at MC and 90 m at BP (Figure I-13).

2.3.7.3 CP and US  transects
Bottom temperatures in spring on the CP transect were significantly higher in May 1996 than

May 1995, and bottom temperature was 2.7”C  higher at CP05 and 1.3”C  higher at CP80  in 1996
than in 1995 (Figure I-14). No comparison could be made for the HS transect, as it was not
sampled in May 1995. Bottom temperatures in August 1995 and 1996 were not significantly
different  at CP, but bottom temperatures on the HS transect were higher in August 1996 than
1995. Bottom temperature was l.l”C higher at HS60 and 0.7”C  higher at HS20 in 1996 than in
August 1995. In the summer of both years CP05 was the warmest station in inner Kachemak Bay
at lO.l”C  in 1995 and 10.3”C  in 1996. In February the water column was mixed to 20 m at CP
and 60 m at HS (Figure I-14).

2.3.7.4 Temperature and juvenile flatfish  distribution

Offshore movements for rock sole occurred on all transects in winter. The deepest station
and the corresponding bottom temperature on each transect with rock sole present in winter was
KS100 (3.0°C),  MC110 (2.8OC),  BP90 (2.8OC),  CP150  (2.1°C),  and HS70 (1.2”C).  In contrast to
spring and summer when shallow waters had higher bottom temperatures than deeper waters, the
bottom temperatures were warmer in deeper waters in winter (Table I-8). Although bottom
temperatures in winter were positively correlated with depth on all transects (Table I- 8),  deepest
stations on a transect were not always the warmest. For example, rock sole age-0 were present at
the deepest station in inner Kachemak Bay CP150,  but not at the warmer station CP 100 (2.5”C).

2.3.7.5 Temperature and juvenile flatfish  abundance

In May 1995, though bottom temperatures were higher at BP than at KS, MC, or CP (Table
I-6), abundances of flathead sole age-l (F = 0.47, p = 0.7112, N = 13) were not significantly
different across transects. While in May 1996 bottom temperatures were not significantly different
among transects (Table I-6),  abundances of flathead sole age-l (F = 6.77, p = 0.0009, N = 29)
were significantly different with higher abundances at KS than at BP, CP, or HS transects and
significantly higher abundances at MC than HS. Abundances of rock sole age-0 in May 1996 (F =
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0.53, p = 0.7174, N = 18) and age-l in May 1995 and 1996 (F = 0.87, p = 0.5074, N = 18) were
nc t significantly different among transects.

In August 1995 and 1996 bottom temperatures were higher at the KS transect than at the
other 4 transects (Table I-6). Only August abundances of rock sole age-0 (F = 7.22, p = 0.0010,
IV’ = 24) were signiscantly  different among transects with more rock sole age-0 on MC than KS,
BP,  or HS transects. August abundances of flathead sole age-0 (F = 0.06, p = 0.9938, N = 58),
age-l 0; = 1.03, p = 0.3990, N = 58),  and rock sole age-l (F = 1.27, p = 0.3 172, N = 24) were
net  significantly different among transects.

In February 1996 bottom temperatures were significantly different among all transect
combinations except KS and BP, with highest temperatures at MC and lowest temperatures at HS
(‘I able I-6). The minimum bottom temperature over all seasons was in February 1996 at HS 10,
Gth temperature 0.9”C.  February abundances of flathead sole age-0 (F = 1.20, p = 0.3382, N =
2’?),  age-l (F = 1.63, p = 0.2031, N = 27),  rock sole age-0 (F = 2.94, p = 0.1014, N = 12),  and
rock sole age-l (F = 0.55, p = 0.706 1, N = 12) were not significantly different among transects.

Juvenile flatfishes were present at a wide range of bottom temperatures (Table I-9).
Abundances of flathead sole age-l at depths > 40 m were significantly different for bottom
temperatures in August 1995 (T = -2 13, p = 0 0403), with highest abundances at 8.1 and 8.4OC.
Abundances of rock sole age-0 at depths < 30 m were significantly different for bottom
temperatures in May 1996 (‘1:  = 2.33, p = 0.0238),  September 1994 (T = -2.85, p = 0.0137),  and
February 1996 (T = 2.07, p = 0.0453). Abundances of rock sole age-l at depths 5 30 m were
significantly different  for temperatures in May 1996 (T = 2.76, p = 0.0098),  with highest
abundance at 7.1”C.

2.3.2 Salinity

Bottom salinities were not significantly different between years in May (F = 1.9 1, p = 0.176 1,
r\r = 60),  but were significantly higher in August 1996 than 1995 0; = 9.70, p = 0.0028, N = 82).
For  each sampling period, bottom salinities were not significantly different within the bay;
however,  in August 1996 bottom salinities could not be rejected as equal across transects (F =
2.74, p = 0.0520, N = 41). Bottom salinities in August 1996 were lowest at the CP transect, and
1oNer  at HS than BP (Table I-6).

Juvenile flatfishes were present at a range of bottom salinities from 2 1.8 to 32.2 (Table I-9).
The test of equal abundances of flathead sole age-0 at depths 2 40 m among bottom salinities
cciuld not be rejected in August 1996 (T = 1.964, p = 0.0569). Abundances of rock sole age-l at
de:pths < 30 m were significantly affected  by bottom salinities in May 1996 (T = -3.016, p =
0.:)052),  and in August 1996 (T = -1.948, p = 0.0589) the hypothesis that bottom salinity had no
ef:‘ect on abundance could not be rejected. Abundances of flathead sole age-l and rock sole age-0
were not affected by bottom salinities in any sampling period (Table I-9).

2.3.3 Growth
Flathead sole age-0 modal length was 50 mm in September 1994, and 40 mm in August 1995

and August 1996 (Figure I-l 5). Mean length of flathead sole age-0 was greater in August 1995
thm 1996, and greater in September 1994 than in either August 1995 or August 1996 (Table I-
1 Cl).

Flathead sole age-l modal length was 100 mm in September 1994, and 90 mm in August
1 Cl95  and August 1996 (Figure I-l 5). Mean length of flathead sole age- 1 was less in August 1995
than 1996, and greater in September 1994 than in either August 1995 or August 1996 (Table I-
1 Cl).  Modal length in May 1995 was 60 mm and 70 mm in 1996 (Figure I- 15); however, mean
1e:ngths were not significantly different.
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Rock sole age-0 modal length was 50 mm in September 1994 and August 1995, and 30 mm
in August 1996 (Figure I-16). Mean length of rock sole age-0 was greater in August 1995 than
1996, and greater in September 1994 than in either August 1995 or August 1996 (Table I- 10).

Rock sole age- 1 modal length was from 80 to 110 mm in September 1994,  120 mm in
August 1995, and 110 in August 1996 (Figure I- 16). Mean length of rock sole age- 1 was
significantly greater in August 1995 than 1996, and was not significantly different in September
1994 from August 1995 or August 1996 (Table I-10). Modal length in May 1995 was 60 mm and
80 mm in 1996 (Figure I-16). Mean length of rock sole age-l was significantly less in May 1995
than 1996 (Table  I-10)

2.3.3.1 Mean length increase
Differences in mean length increases among seasons were compared to test the hypothesis

that the most rapid growth would occur from spring to summer. For the 1994 and 1995 YCs,
both flathead sole and rock sole had significantly greater growth rates from spring to summer
(Tables I-l 1-12, Figures I-17-1 8). All comparisons of growth across seasons were significantly
different except for mean length from summer to spring compared with summer to winter for the
1994 YC of rock sole and from summer to winter compared with winter to spring for the 1995
YC of flathead sole (Table I-12).

Mean length increases were compared between years to test the hypothesis that faster growth
would occur in warmer years. From summer to summer, the 1994 and 1995 YCs  of flathead sole
were not significantly different (Figure I-17), whereas the 1994 YC of rock sole had a
significantly higher mean length increase than the 1995 YC (Tables I-l 1-12, Figure I-18). From
spring t.o summer the flathead sole 1994 YC had a significantly lower mean length increase than
the 1995 YC (Figure I-17),  whereas the rock sole 1994 YC had a significantly greater mean
length increase (Tables I-l l-12, Figure I-18). From summer to spring flathead sole had no
significant difference in mean length increase between YCs,  whereas the rock sole 1994 YC had a
lower mean length increase (Tables I- 1 l-l 2).

Mean length increases of different age groups were compared to test the hypothesis that age-
0 juveniles have more rapid growth rates than age-l. From August 1995 to February 1996 age-0
flathead sole had significantly less mean length increase than age- 1, and rock sole age groups had
no significant difference in mean length increases. From May 1996 to August 1996, rock sole age-
0 had significantly less mean length increase than age-l (Tables I- 11-12).

2.3.4 Locations with highest abundance
A total of 1987 flathead sole and 2536 rock sole ages-0 and 1 were caught at the 41

permanent stations for all seasons and years combined (Abookire and Norcross, 1998-Chapter  1
in this report). Highest numbers of flathead sole age-0 occurred at KS40, KS50, and MC50 in
September 1994. Highest numbers of flathead sole age-l occurred at CP60  and MC70 in August
1995, and MC50 in September 1994. Highest numbers of rock sole age-0 occurred at MC20 in
August 1996, and MC10 in September 1994, August 1995 and August 1996. Highest numbers of
rock sole age-l occurred at MC10 in May 1995 and August 1996. Summer was the season with
highest catches of juvenile flathead sole and rock sole.

2.4 Discussion

The results presented here show that bottom temperature varies within Kachemak Bay
among seasons and years. Compared with outer Kachemak Bay, which has varying bottom
temperatures between the south (MC) and north (BP) shores, the inner bay has more
homogeneous temperatures between south (CP) and north (HS)  shores. The HS transect is
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significantly  colder than the other transects in winter, and in February 1996, we observed sea ice
cover,  which is an annual winter occurrence in inner Kachemak Bay (Anonymous, 1977).

Salinity controls distribution and movement of fishes, but it is often correlated with both
 Temperature and sediment. Therefore, interpretation of the role of salinity in fish distribution
independent of other environmental factors is difficult  (Gibson, 1994). Bottom salinities were not
different between years in May. In August 1996, bottom salinities could not be statistically
accepted  or rejected as equal to or greater than 1995 bottom salinities. Because the only
difference in fish abundance across transects in August 1996 was higher abundances of rock sole
age-0  on MC than KS, BP, or HS, salinity had no clear relationship with abundance of flatfishes
within  Kachemak Bay. Bottom temperature was also greater in August 1996 than in 1995;
Therefore, an interannual summer salinity effect is difficult to separate from temperature effects.
More importantly, within-season bottom salinities were not different across transects, and in
August 1996 the within-season bottom salinities could not be rejected or accepted as equal.
Differences in local fish abundance were not related to bottom salinities. Therefore, in comparison
with temperature, salinity exhibited slight differences within the study area and was not a
significant controlling factor in growth, distribution or abundance. Malloy and Targett (199 1)
state that unlike temperature, salinity did not affect spatial distribution, feeding, growth, or
 survival  of juvenile summer flounder.

Patterns of seasonal migration are very species-specific with many possible controlling
mechanisms, in addition to temperature which may affect  migration on both local and regional scales
(Dorel et al., 1991). Our data do not support a relationship between bottom temperature and juvenile
flatfish  distribution. During winter sampling, rock sole age-0 were present at all temperatures
sampled (Table I-l l), and in inner Kachemak Bay they were present at the colder, deeper station
( CP 150) and not at a deep, warmer station (CP 100). Rock sole age-0 displayed a winter offshore
movement on all five transects and moved deeper than the maximum depth of winter mixing on all
transects. Thus, rock sole may move offshore, in part, to avoid the dynamic winter mixing. Heavy
winter storms which mix the water column create wave action at the bottom and stir up the sediments,
 which can limit the distribution of fishes (Laevastu  and Hela,  1970). The winter offshore migration of
juvenile flatfishes (Pelotretis flavilatus,  Peltorhamphus  novaezeelandiae,  P. tenuis,  and P. latus)  in
New Zealand was suggested to be an avoidance response to the low temperatures and increased
turbulence that occur in shallow water during winter (Roper and Jiiett, 198 1). Similarly, in the Bay of
Vilaine, juvenile sole (Solea  solea)  migrate offshore in winter to flee unfavorable hydrographic
conditions (Dore1  et al., 199 1). Turbulence and wave action can displace fish and reduce visibility,
thus reducing food intake and growth rates from levels experienced under calmer conditions
(Moore and Moore, 1976; Gibson, 1994) and increasing competition for space. Such competition
for space may lead to offshore movements, as laboratory experiments show that rock sole age-0
are more likely to choose mud-based sediment as their densities increase (Moles and Norcross,
995). Sampling occurred in winter in only one year, and without replicates we do not know the
liming or variability of rock sole offshore movement. Additionally, we can only speculate about
unmeasured mechanisms which may cause the offshore movement of rock sole, such as increased
winter mixing (Roper and Jillett, 1981) and hydrodynamics (Laevastu and Hela,  1970; Dorel et al.,
9 9 1 ) .

Care must be used when interpreting environmental variables in isolation, as the nursery area
is a complex system (Rogers, 1992). Although there may be significant differences in CPUE by
temperature, not all stations of a given temperature have fish present. If flatfish abundance was
directly related to bottom water temperature, we would expect temperature differences across
transects to overlap with differences in fish abundances; however, this did not occur within
Kachemak Bay. Seasonal differences in fish abundance may be more related to the life history of
each species than to temperature. The annual temperature cycles may cue rock sole larvae to
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begin settling. For example, in May 1995 rock sole age-0 were not present; however, in May
1996, when temperatures were 1.4”C  warmer, rock sole age-0 were present in low abundance.
Because sampling in May 1996 was 19 days later than in 1995, time of year or higher water
temperatures may cue settlement. During transport, California halibut (Paralichthys calafornicus)
larvae delay settlement until they encounter warmer waters, which stimulate settlement
(Gadomski  and Caddell,  1991). In years with mild winters, juvenile summer flounder appear
inshore earlier than when winters are severe, indicating that temperature is a cue for settling
(Malloy and Targett, 1991).

The relationship between growth and temperature was investigated; however, because
growth was estimated from seasonal mean length increase per day, bias due to migration and size-
selective mortality could not be ignored. Both May and August 1996 temperatures were higher
than 1995; therefore, we expected the 1995 YCs  to have a greater mean length increase than the
1994 YCs.  May rock sole age- 1 and August flathead sole age-l were significantly larger in 1996
than 1995, although May 1996 was sampled 19 days later than 1995, warmer spring temperatures
coincided with larger fish length. These data support the hypothesis that growth is positively
related to temperature. However, mean lengths of flathead sole age-O, rock sole age-0 and rock
sole age-l were larger in August 1995 than 1996, contrary to that hypothesis.

Both year-classes of flathead sole and rock sole had the largest mean length increases
between spring and summer. Thus, the data support the hypothesis that growth rate increases
during seasons with higher temperatures. In the laboratory, growth is strongly affected by
temperature for juvenile Atlantic halibut (Hallaråker  et al., 1995) and turbot (Scophthalmus
maximus  L.) (Imsland et al., 1995). In the field, summer bottom temperatures are related to rapid
growth for juvenile summer flounder (Able et al., 1990; Norcross  and Wyanski, 1994) and sole
(Dore1  et al., 1991). In fact, growth rates of summer flounder are cued by temperature and
increase rapidly once temperature rises above 10°C (Malloy and Target, 199 1). Food availability
for juvenile sole (Dorel et al., 1991) and photoperiod for juvenile Atlantic cod (Gadus  morhua)
(Folkvord and Otterå,  1993) are alternatives to low temperature as causes of reduced winter
growth in some regions.

We investigated the relationship between mean length increase and temperature between
years and expected the 1995 YCs  to have greater growth rates since bottom temperatures were
higher in 1996 than 1995. The rock sole 1994 YC grew less from September 1994 to May 1995,
a colder period than from August 1995 to May 1996. From May to August the flathead sole 1995
YC had a greater growth rate than the 1994 YC. Since there was more growth during the warmer
year, these data support the hypothesis that higher temperatures increase growth. However, from
May to August the rock sole 1994 YC had a greater mean length increase than the 1995 YC,
which contradicts the hypothesis. Additionally, the rock sole 1994 YC had a significantly greater
mean length increase than the 1995 YC. Factors other than temperature which affect  growth, such
as food quality and quantity (Gibson, 1994; van der Veer et al., 1994),  must therefore be
considered.

Growth rates between age groups were compared to investigate the relationship between
growth and age. From August to February flathead sole age-0 grew less than age-l, and rock sole
age-0 growth was no different than age- 1.  From May 1996 to August 1996 rock sole age- 1 grew
more than the newly settled age-0 fish. These differences in growth may be explained by larval
settling time, as age-l for both species grew more than age-0 during the time when age-0 were
still settling into the demersal phase. Flathead  sole peak spawning is from  March to May in the
Alaska and Pacific coast regions (Hirschberger  and Smith, 1983),  and they settle after May (Abookire
and Norcross, 1998-Chapter  1 in this report). Rock sole spawn from February to April
(Forrester, 1964; Matarese et al., 1989) and begin to settle in May (Abookire and Norcross, 1998-
Chapter 1 in this report). These data do not adhere to the standard theoretical growth curve for
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flatfishes, which predicts that age-0 fish grow faster than age-l (van der Veer et al., 1994).  For
flathead  sole, this deviation from the standard growth curve may be related to a decrease in
optimal temperatures as fish size and age increase (Hallaråker et al., 1995). Smaller plaice and
Bounder feed and grow at higher optimal temperatures than larger fish (Fonds  et al., 1992).

These data are not sufficient to determine if juveniles migrated fiom coastal nursery grounds
or if hydrological conditions enabled flatfish larvae to settle in Kachemak Bay; nevertheless,
flathead  sole and rock sole dominate the flatfish community within Kachemak Bay both as
juveniles (Abookire and Norcross, 1998-Chapter  1 in this report; Appendices II-l and II-6 in
this report) and as adults (Rechtol and Yuen, 1995) The distributions of flathead sole and rock
sole juveniles are clearly defined by depth and sediment (Abookire and Norcross, 1998-Chapter
1 in this report), and addition of the temperature variable does not further define habitat
distribution  within Kachemak Bay. To monitor year-class strength of flathead sole and rock sole,
we  recommend sampling in mid-August when abundances are high. We recommend sampling for
3athead sole on the KS transect between 40 and 60 m and on the MC transect between 50 and 70
m, and for rock sole on the MC transect between 10  and 30 m. Continued sampling of juvenile
flatfishes  is worthwhile to continue collection of baseline data (Sharp, 1994),  monitor changes in
recruitment (Miller, 1994; van der Veer et al., 1994),  and build on the growing knowledge of the
early  life history of Alaskan flatfishes.
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Chapter 3. Using habitat characteristics in  the assessment of
interannual fluctuations in juvenile flatfish  abundances

by Sherri C. Dressel and Brenda L. Norcross

Abstract

Many North Pacific fish populations are declining in abundance due to the effects of
development, exploitation, pollution and other anthropogenic and natural effects. The need for
effective fisheries management is stronger now than ever before. Current declines in fish stocks
have resulted in a need for earlier estimates of species’ year-class strength; such data would have
wide-reaching benefits. A survey was developed during this study to assess relative interannual
fluctuations in recruitment for four juvenile fIatfish  species: age-0 rock sole (Pleuronectes
bilineatus),  age-0 Pacific halibut (Hippoglossus  stenolepis),  age-0 flathead  sole (Hippoglossoides
elassudon)  and age-l yellowfin sole (Pleuronectes  asper).  Six years of annual trawl data and
physical parameter measurements (199 l-l 996) were collected in Chiniak Bay, Kodiak Island, to
assess the distribution and abundance of juvenile flatfishes in relation to habitat characteristics.
Obtaining reliable abundance indices from juvenile flatfish trawl surveys is difficult due to the
tendency of juveniles to aggregate. Since the precision of survey density estimates decrease as the
degree of aggregation increases, bottom trawl sampling for juvenile flatfishes often gives highly
variable catches. Due to the difficulty of obtaining reliable abundance estimates, the first portion
of this study was dedicated to developing and evaluating a survey design for juvenile flatfish
surveys. In the second portion of the study, survey data was utilized for an assessment of
interannual variability in abundance for four juvenile flatfish species.

Often, the concentration of juveniles varies over space and time in response to  environmental
conditions and factors. In this study, 1991-1994 sampling for fish and habitat parameter data
allowed stratification of sampling by habitat characteristics in 1995 and 1996. Stratifying 1995
and 1936 sampling by the habitat parameters most closely related to each species distribution
increased precision of juvenile flatfish abundance estimates. Sampling in 1996 was allocated on
the outer edges of each species’ geographical distribution range, defined in previous sampling
with habitat parameter ranges. If the geographic distributions of these species increase and
decrease in response to annual abundance changes, sampling on the outer perimeters of each
species’ geographical distribution range could provide an indication of population changes from
regions where abundances and sampling variances are low. While sampling in these regions was
hypothesized to provide abundance estimates with increased precision over sampling across all
regions with a stratified (1995) or non-stratified (199 l-l 994) design an increase was not
observed.

The second portion of this study was dedicated to assessing interannual variations in
abundance for the four juvenile flatfish species  and utilizing habitat characteristics in the analysis
of all six years. Three indices were developed for each species, each index based on mean catch-
per-unit-effort (number of fish per 1000 m”) across selected sites: the first included nine fixed sites
that were sampled in all six years, the second included all sites sampled in each of the six years
and the third included all sites in regions of “preferred” or occupied habitat, identified specifically
for each of the four species and based on depth and sediment characteristics. These indices
revealed that rock sole exhibited an oscillating pattern of abundance, highest in 1992 and 1994
and lowest in 199 1 and 1993. Pacific halibut abundance was lowest in 199 1 and 1993, increasing
to its highest abundance in 1994 and 1995. Flathead  sole abundance showed a strong increase
from 1991 to 1992, with decreasing numbers thereafter. Yellowfin sole exhibited its highest
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abundance  in 1991,  with decreasing abundance over the following five-year period. We found that
the specific index that provided the most information (i.e., the lowest error) for each species
depended on both the index sample size and the individual species’ geographic distribution.

3.1  Introduction

The goals of fisheries management include conserving the fish resource, controlling fisheries
when overexploitation is a problem, and maximizing or optimizing the yield from the resource in
terms of biological, sociological and economic perspectives (Mundy  et al., 1985). Earlier
estimates  of species’ year-class strength would have wide reaching benefits. Since early estimates
would allow predictions of stock sizes years in advance of the harvest, they would provide

benefits  to managers, processors and participants in the fishery. Predictions of flatfish year-class
 strength prior to entrance to the  fishery  may  be obtainable from juvenile flatfish  surveys. This
particular study focuses on the assessment of abundance of four juvenile flatfish  species, age-0
I ock sole (Pleuronectes bilineatus), age-0 Pacific halibut (Hippoglossus stenolepis), age-0

flathead  sole (Hippoglossoides elassodon)  and age- 1 yellowfin sole (Pleuronectes asper).
To develop a reliable prediction of year-class strength and reach the goals of fishery

management, scientists must be able to assess population levels with a high degree of confidence.
Since improperly designed data collections and sampling programs utilized to reach these goals
limit how much conclusive information is gained, developing a sampling design to provide
management information requires more attention than has been given in the past (Mundy et al.,
1985). As a result, this paper contains two parts. The first portion focuses on survey design and
the second focuses on assessing interannual variations in abundance. While this study focuses on
the assessment of abundance of four juvenile flatfish  species, the methods  of survey  design  and
analysis address common questions in relation to trawl surveys and are thus of general interest.

In general, the maximum precision attainable in a survey is determined by the spatial
distribution of the target species (Gunderson, 1993). One of-the most important steps m
developing a direct survey of abundance, therefore, is to obtain a complete understanding of the
distribution of the target species. A primary difficulty with juvenile flatfish trawl surveys is the
tendency of juveniles to aggregate. As the degree of aggregation increases, the precision of a
density estimate will decrease  (Lenarz and Adams, 1980),  with the variance of catches increasing
faster than the value of the mean (Forest and Minet, 198 1). As a result, bottom trawl sampling for
juvenile flatfishes often gives highly variable catches making it difficult to obtain abundance
indices. When assessing abundances, therefore, surveys need to be adapted to account for
aggregated distributions.

Often, the concentration of juvenile flatfishes varies over space and time in response to
environmental conditions and factors (Jager et al., 1993; Keefe and Able, 1994; Reichert and van
der Veer, 1991, Norcross  et al., 1995, 1997). In fact, habitat type and habitat quality are
becoming more widely recognized as primary determinants for the distribution and survival of
marine fish species (Tanda,  1990; Gadomski and Caddell,  199 1; Kramer, 199 1; Reichert and van
der Veer, 1991; Gibson and Robb, 1992; Sogard, 1992; Moles et al., 1994; van der Veer et al.,
1994;  Moles and Norcross, 1995; Norcross  et al., 1995, 1997). As habitat is a key factor in
determining fish distribution, knowledge of the preferred habitat characteristics of the target
species is necessary in order to design an effective survey of abundance. Until recently, however,
few  studies have been directed toward defining fish habitat or using habitat preference to help
decrease the variability in abundance estimation (Scott, 1995). Abundance estimates derived from
current surveys, which sample evenly across a variety of habitats, may be less reliable than those
that could be produced if the factors responsible for the distribution were accounted for in the
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survey design. If habitat preferences can be deter-r&cd  and habitat types quantified, sampling
stratification should be more effective, minimizing the variance in population  estimates.

The juvenile flatfish survey developed in this study was a multi-step, habitat-based survey. Six
years of annual trawl data and physical parameter measurements were collected in Cbiniak  Bay, Kodiak
Island (Figure I- 1) to estimate catch-per-unit-effort (CPUE) and develop a relative index of population
abundance. The survey design described in this paper had three steps, designed to make subsequent use
of the information gained in prior steps of the survey. Each “step” refers to a particular combination of
sampling method and sample allocation. The first step, implemented from 199 1 to 1994, incorporated
non-stratified exploratory sampling. Fish abundance and physical parameter data were collected in
order to identify the habitat parameters most closely related to each species’ distribution. The second
step in the design was implemented in 1995. Sampling was stratified by depth and substrate, the two
habitat paramctcrs  sclcctcd from  step one, with fixed sample  allocation. Sampling in the second step
was designed to obtain estimates of variability in species abundances and cost of sampling (the number
of hours required to trawl and sort one tow) in each stratum. The third step was implemented in
1996. Sampling was stratified, with strata boundaries defined in terms of depth and substrate, chosen to
maximize the similarity of species abundances. The number of tows in each stratum was assigned
based on the relative area in each stratum, the cost of sampling in each stratum and the variance of
the four target species’ abundance. Strata with low variability were chosen for each species as
monitoring strata. As a result, monitoring strata for abundant species were located on the outer
perimeter of the species’ geographic distribution. Monitoring strata for non-abundant species
incorporated larger proportions of their distribution range. The objective of this design was to
determine whether integrating habitat information into survey design/analysii and allocating samples on
+h, r\lm+nlr;.+n  ,C,,,h  ,...,,:,,,  -_----L,:,.  _^^_^ __.^._  1A -----1-  II^  ̂ :--  ^-L:-^A^-  -c--l-A:---  ,a----A,--,-
UPC  UUWULD UL  GUUI  q~cuca fjcu~d~l~&  M.U~G  WUUlU  ylUVlUC  plClaSt:  t;SLlIIliiLe;S  Ul  ItXdLlVt? dDUIKldtl~e.

The analysis of interannual variability included the use of three abundance indices. The first
index, the mean CPUE over nine fixed sites sampled each year, was restricted to a low sample
size, but was utilized to provide annual abundance estimates with no spatial bias. The second
index, the mean CPUE over all sites sampled each year, had the highest possible sample size, but
included some degree of spatial bias since the location of sample sizes varied from year to year.
The third index, the mean CPUE over all sites within species-specific regions of “preferred” or
occupied habitat, was used to provide a measure of abundance while minimizing  the effect of zero
catches in regions of unoccupied habitat. The three indices had individual strengths and weaknesses,
but were used together to more closely define the changes in juvenile flatfish recruitment over time.

3.2. Sampling methods

Sampling was conducted in Kalsii  and Middle Bays, offshoots of Chiniak Bay, approximately 10
nmi from  the town of Kodiak Alaska (Figure I-l). Middle Bay is approximately 8 km long, with
depths of 50 m at the mouth of the bay, and an area of approximately 21 km2.  Kalsin Bay is also
approximately 8 km long, reaches depths greater than 100 m at the mouth of the bay, and encompasses
an area of approximately 34 km2.  The survey area for this study, which included the combined area of
the two bays and the sampled region directly outside the mouths of the two bays, encompassed
approximately 87 km2  (Figure I-3).

Annual cruises were conducted in Chin& Bay within the first two weeks of August from
199 1 to 1996. During the years of exploratory sampling, 199 l-l 994, sample sites extended into
Womens and Isthmus Bays, but the indices of abundance developed in this study were restricted
to inner and outer Middle and Kalsin Bays (Figure I-3). Sampling in 199 1 was conducted from
11-17 August aboard a 7.3 m skiff and from 18-19 August aboard a 24.7 m chartered trawl
vessel (F/V Big Valley). In 1992, sampling was conducted from 9-14 August aboard the same 7.3
m skiff. Annual sampling from 1993 to 1996 was conducted as a joint effort between the Institute
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of Marine Science (University of Alaska Fairbanks) and the National Marine Fisheries Service
(Kodiak Laboratory). All four years of sampling were conducted aboard an 8.2 m Boston Whaler
owned by the Kodiak NMFS  Lab. Sampling was conducted from 12-24 August 1993, 8-19
August 1994,3 1 July-l 1 August 1995, and l-16 August 1996.

The beam trawls used in this study were adapted from  a design by Gunderson and Ellis
(1986) for juvenile flatfish. In 199 1, 1992 and for 7 quantitative tows in 1993, tows were made
with a 3.66 m plumb stafFbeam  trawl. In 1994, 1995, 1996 and for 32 quantitative tows in 1993,
tows were made with a 3.05 m plumb staff beam trawl. Trawl nets were made of 7 mm square net
mesh and a 4 mm codend  liner which retained flatfishes as small as 11 mm Nets were equipped
with a double tickler chain, two 40 lb. weights on the lower wings, floats on the headrope  and at
each end of the beam, and 6 in. lengths of chain hung from the footrope at 6 in. intervals. The
towline was deployed at a 5: 1 1ine:depth  ratio at sites less than 10 m deep and 3 : 1 ratio for depths
greater than 10 m. Tows were approximately 10 minutes in duration, but varied as necessary
according to factors such as sediment accumulation in the net and towpath restrictions. All tows
were made during the day and primarily on a rising tide. All fish were identified to species and
length measurements were taken. Fish ages were determined by length frequency analysis.

The effective sampling area of each tow was determined by multiplying the effective width of
the beam trawl, 0.74 of the beam length (Gunderson and Ellis, 1986),  by distance towed based on
Global Positioning System (GPS) coordinates. Fish CPUE values were standardized to a 1000 m’
tow area. For 1994, 1995 and 1996 sampling, distances were determined fi-om  GPS readings for
each individual tow. Since beginning and ending GPS coordinates were not recorded in tows from
the 7.3 m skiff in 199 1, in 1992 or 1993, tow distances were estimated with least trimmed squares
robust regression of GPS distance towed per minute data for each of the respective vessels (S-
Plus, 1993). Data for the Boston Whaler (1993) were taken from Boston Whaler distances during
the 1994, 1995 and 1996 cruises. Additional sampling in 1996 was conducted to determine
distance statistics the 7.3 m skiff (1991 and 1992). All but two of the tows conducted from the
24.7 m trawling vessel, F/V Big Valley (199 l), in Kalsin and Middle Bays were calculated from
GPS coordinates. The remaining two tows were estimated as the average distance for a lo-minute
tow conducted during that cruise.

3.3 Survey design: Methods and results

3.3.1 First step of the survey-1991 to 1994

3.3.1.1  Methods
The first step of the survey (199 1-1994) incorporated extensive spatial sampling for

describing juvenile flatfish  distributions in relation to habitat characteristics (Norcross  et al., 1995,
1997). Sites were sampled within 5 m depth increments from 0 to 10 m depth and at 10 m depth
increments at greater depths. The goal was to sample over the widest range of regions and habitat
characteristics possible within the constraints of bottom type suitable for trawling. At each site, a
tow of 10 minutes or less was conducted and a set of physical measurements was collected. The
physical measurements included depth (as read from the vessel fathometer), a sediment grab (0.06
m3 Ponar grab) taken for grain size analysis, organic content (in 1993-1996 sampling) and
carbonate content (in 1993-1996 sampling), a vertical CTD (conductivity, temperature and depth)
cast for temperature and salinity measurements at depth and a record of distance from the mouth
of the bay, minutes after high tide and minutes after sunrise at the time of the tow.
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3.3.1.2 Results

Fish CPUE statistics were calculated for a total of 178 quantitative tows in Kalsin and Middle
Bays from 199 1 to 1994 (Table I- 13, Figure I- 19). In 199 1, 50 quantitative tows were made in
Kalsin and Middle Bays, 40 from a 7.3 m skiff and 10 from the 24.7 m F/V Big Valley. In 1992,
3 1 tows were made from the 7.3 m skiff. Sampling in 1993 and 1994 was conducted from the 8.2
m Boston Whaler, yielding 39 and 56 quantitative tows, respectively.

A comparison of fish abundances with physical characteristics was conducted by Norcross  et
al. (1995) in order to determine the physical characteristics most closely related to the distribution
of juvenile  flatfishes in bays and straits around Kodiak Island. The relationship between fish
abundances and physical oceanographic data in Chin@  Bay and other bays around Kodiak Island
described habitat for four of the most abundant species, age-0 rock sole, age-0 Pacific halibut,
age-0 flathead sole and age- 1 yellowfin sole CNorcross  et al., 1995). Linear discriminant tinction
analysis on presence or absence data was used to create habitat models for the four species
(Norcross et al., 1995). Regression trees were constructed by using CPUE for each species to
refine the habitat models (Norcross et al., 1997). Habitat parameters included in the statistical
comparisons were depth, distance from the bay mouth, temperature, salinity, and categorical
descriptions of sediment types based on Folk (1980). Two groups of habitat factors
(depth/temperature and sediment composition) explained most of the observed distributions of
age-0 rock sole, age-0 Pacific halibut, age-0 flathead sole and age-l yellow-fin sole (Norcross et
al., 1997).

3.3.2 Second step of survey-1995

3.3.2.1 Methods
The precision of an estimated sample mean depends upon two factors: the size of the sample

and the variability or heterogeneity of the population. Since the number of samples in this study
was limited to those obtainable with the same amount of effort each year, the only way to increase
the precision of estimates was to use sampling procedures, such as stratification, that would
effectively reduce the heterogeneity of the sampled population (Sukhatme, 1963). The 1995
sumey was stratified by depth and sediment, the primary habitat characteristics determined during
preliminary 199 1-1994 sampling. The goal of 1995 sampling was to describe the variability in
abundance estimates and cost of sampling as specifically as possible across all regions of the study
area. To do so, a minimum of three tows was assigned to as many strata as possible within the
given amount of effort available for the survey. The resulting cost and variance estimates fi-om
each 1995 stratum were to be combined into fewer strata for the 1996 survey, based on fish
distributions (as indicated by habitat types) and cost information.

In the 1995 sampling design, the survey area was divided into 10 strata based  on depth and
sediment (Table I-14). Depth classifications in Middle Bay were O-5 m, 5-l 0 m, 10-20 m, 20-30
m, 30-50 m, and greater than 50 m. Depth classifications in Kalsin Bay were O-5 m, 5-10 m, lo-
20 m, 20-30 m, 30-50 m, 50-70 m, and greater than 70 m. Sediment stratification was based on
percent sand in substrate. Sediment was stratified into three levels: O-50%  sand, 5 l-90%  sand,
and 9 l-l 00% sand. Ten of the most prevalent combinations of depth and sediment classifications
were represented in the 1995 strata.

Three replicate tows were planned on the predominant sediment type within each depth
interval, in order to establish variance estimates for each species’ abundance in each strata. When
the same depth and sediment classifications were present in both bays, three tows were made in
each bay to account for bay differences, for a total of six tows in the strata. When available,
different sites within the same strata were used. In the case where multiple trawlable sites within a
particular stratum did not exist, three replicate tows were made in the same immediate location.
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At each site a sediment grab was taken to visually confirm the expected sediment type, and
kept for grain size analysis. Trawl and data collection methods were the same as in 1991-1994. In
addition to these methods, we recorded the cost of sampling in each stratum, defined in this study
as the hours needed to trawl and sort one tow.

The mean abundance and the variance for each species was calculated for each strata as

y=$yi and
I=1

In order to assess whether the chosen combinations of depth and sediment decreased the
variance of abundance estimates, the variance of the mean estimators from 1995 data were
compared when calculated with data stratified and when calculated without data stratified. For
this analysis, the 1995 sampling was treated in one case as stratified random sampling, with the
mean estimators and variances calculated as

with s” calculated as above, and in the other case as simple random sampling with the mean
estjmators  and variances calculated as

jY=t.‘& and
i=l

~a+?)  = (y)$-,  with
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In order to calculate the stratified estimator, the area of each of the 1995 strata had to be
assessed. To do so, the survey region was digitized and plotted in the Surfer program (Surfer,
1995). Values of percent sand were contoured over the study region for each year (199 1-1995).
Due to the similarity in sand distribution over the five years of sampling and the degree of detail
necessary for the area estimation, sediment data from 199 1 to 1995 were combined into a single
sediment map. The methvd  ufminimum r;urvaLuIt;  was usd Lu WIILUU~  sdimeld  values vva Lht:
region and the area within each sediment-depth combination strata was calculated.

3.3.2.2 Results
A total of 38 quantitative tows was completed in 1995 sampling (Table I-15, Figure I-20). Three

replicate tows were completed on the predominant sediment types within each depth interval, except
KB70, for which we obtained only two tows due to time limitations (Table I-14). Based on these tows,
the effectiveness of the stratification was evidenced by a general increase in precision of the mean
estimators for three of the four target species (Table I-16). Overall variance of the stratified estimator
was considerably lower than the non-stratified variance for rock sole, Pacific halibut and flathead  sole.
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Variance of the yellowfin sole non-stratified mean estimator was lower than the stratifkd  variance, but
was noticeably slight compared to the increases in precision shown by the other three species. The
general decrease in variance with stratification suggests that habitat, as described by depth and
sediment, was an appropriate indicator for the distributions of these target species, and is thus an
appropriate stratifying parameter. The cost of sampling and the variability of species abundance in each
stratum were used to design the 1996 survey.

3.3.3 The third and final step of survey-1996

3.3.3.1 Methods

Species means and variances from 1995 strata were compared with depth and sediment in
order to determine strata boundaries for the 1996 survey. Strata boundaries were chosen to
maximize the similarity of species abundance. Sediment was divided into three categories: O-40%
sand, 41-80% sand and 81-100% sand (Table I-17). Depth was divided into two categories: less
than 30 m and greater than or equal to 30 m. Although regions greater than 30 m depth and 8 l-
100% sand were predicted by the extrapolation of sediment values in the Surfer program, regions
with those characteristics were not found in 1991-1995 sampling. As a result, that stratum was
excluded from total area estimate and the remaining five strata were assumed to account for the
total available sampling area in the region. The total area in the sampling region (Figure I-3), as
determined using Surfer  (1995)  was 87.15 km2  and each tow was standardized to 1,000 m”
Sampling in 1996 was then distributed among these five strata (Table I-17).

Monitoring strata chosen for each species were those that composed the regions on the outer
perimeters of each species’ geographical distribution range (Figures I-2 l-24). Since the
distributions of each species differed, the particular monitoring strata and the number of
monitoring strata chosen for each species differed respectively. The distribution of samples among
these strata was based on the relative area in each stratum. the cost of sampling in each stratum
and the variance of the four target species’ abundance. The optimum allocation equation
(Thompson, 1992) was utilized to combine these factors and to estimate the relative sample sizes
needed for each species in their selected strata.

High sample sizes resulted for strata with high variances, large areas and low costs, while low
sample sizes resulted from the opposite. It should be noted that sampling did not fullow  the
optimum allocation design, but instead the equation was used as a reference to determine relative
sample sizes in the strata chosen. All four species were weighted of equal importance when
deternnmng sample sizes.

In order to assess the effectiveness of the multi-step, habitat-based survey design in
producing indices of mean abundance with high precision, data collected in 1996 under the
selective stratification scheme were compared with results of the 1995 stratified sampling, and
results of 1993 exploratory sampling. The 1993 sampling season was chosen to represent the
years of exploratory sampling in the comparison since it was the only year from 1991 to 1994 that
sampled in all habitats described by 1996 strata. It was also the year that had the sample size (n =
35) most similar to those in 1995 (n = 38) and 1996 (n = 39). While equal sample sizes were not a
requirement for statistically comparing the years, the power of tlitt  cornparisun  lest was
heightened by having sample sizes as nearly equal as possible (Zar, 1996). For each species in
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each year, mean abundance per tow, variance of the mean and the coefficient of variation were
calculated. The comparison of the three years’ data was drawn not to suggest that the three
sampling designs should be used or chosen individually, but to see whether the three steps that
built on each other showed signs of increasing precision.

For this comparison, 1993 sampling was treated as simple random sampling and 1995
sampling was treated as stratified random sampling (see equations above). Data from 1996 were
also treated as stratified random sampling, but the allocation of samples was based on the
distribution of the four species (please note that none of the sampling over these years was
completely random, but randomness was approximated as closely as possible within the depth,
sediment, weather and logistical constraints). While the mean abundance per tow indices were
calculated over the whole study area for 1993 and 1995, the mean abundance per tow index was
calculated over only the selected monitoring strata for each species in 1996. The coefficient of
variation was calculated for each species in each year to compare the precision of the stratification
schemes. Pairwise two-tailed tests were then conducted on 1993, 1995 and 1996 fish CPUE data
(Zar, 1996). In these comparisons, the logarithms of fish abundances (n + 1) were used to
approximate normality in all three years.

3.3.3.2 Results
The geographic distribution of each species was closely related to depth and percent sand in

substrate. Flathead sole were found in regions O-85 m in depth and with lo-100% sand (O-92%
mud) in substrate, but predominantly in depths >30  m and on substrates with O-50%  sand (>35%
mud). Rock sole was the most abundant flatfish species, inhabiting regions O-85 m in depth and
with O-100%  sand. Rock sole were predominantly found in depths <40 m and with >20%  sand in
substrate. Pacific halibut were collected in regions O-85 m in depth and with O-100%  sand in
substrate, predominantly in depths <30  m and with >25%  sand in substrate. Yellowfin sole were
colle:cted  in regions 045 m iu  depth (predominantly  O-30 m)  and with >20”/0  sand in substrate.

Monitoring strata were chosen for each of the four species for 1996 sampling (Table I- 17).
One monitoring stratum was chosen for rock sole (stratum 4),  two for Pacific halibut (strata 1 and
3),  four for flathead sole (strata 1, 2, 3 and 4) and all five for yellowfin sole (strata 1, 2, 3, 4 and
5). It should be noted that 1995 stratum 4 contained no yellowfin sole or Pacific halibut and
stratum 5 contained no yellowfin sole, yet these strata were included as monitoring strata for
these two species in 1996. Minimal-to-no additional tows were required to include these strata
(no additional for stratum 4 and two additional for stratum 5) and in the event that populations of
these species expanded, tows in these strata could have been important indicators of the change.

A total of 39 quantitative tows was completed in 1996, divided among the five strata (Table
I- 18, Figure I-25). Stratified mean estimates and associated variances and coefficients of variation
were c&ulated  GUI  each spel;ies  ~LL;IUSS  monitoring strata (Tables I- 19-20). Results from  1996
(stratified by depth and sediment with indices calculated for each species in species-specific
monitoring strata) were compared with 1993 (no stratification) and 1995 (stratified by depth and
sediment with the same number of samples in each strata of each bay) (Table I-20). As expected,
the precision of estimates varied with the stratification and allocation method. For each of the four
species, the most precise estimator was one of the stratified estimators. For flathead sole and
Pacific halibut, stratified sampling with even allocation of samples (1995) gave the most precise
estimator, followed by stratified sampling in selected monitoring strata (1996) and finally,
sampling with no stratification (1993). Tests of flathead sole coefficients of variation showed that
non-stratified sampling in 1993 and stratified sampling in 1996 had significantly larger coefficients
of variation than 1995 sampling (p < 0.05) though not significantly different from each other.
Since no Pacific halibut were caught in the 1996 selected monitoring strata, the only statistical
comparison that could be drawn was between 1993 and 1995 sampling. Similar to flathead sole
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results, 1995 sampling yielded a significantly lower coefficient of variation than 1993 non-
stratified sampling (p < 0.05). For yellowfin  sole, stratified sampling in 1996 formed the most
precise estimator, followed by stratified sampling in 1995 and, lastly, sampling with no
stratification in 1993. None of the yellowfin sole coefficients of variation differed significantly. In
the case of rock sole estimation, 1996 sampling was the least precise, with 1995 stratification
being the most precise and sampling with no stratification ranking in between. In this case, rock
sole coefficients of variation in 1993 and 1995 were both significantly lower than in 1996 (p <
0.05) but did not differ significantly from each other.

Since the only monitoring stratum chosen for rock sole in 1996 was stratum 4, it seemed
possible that the high coefficient of variation could be related to the small sample size (n = 7).
When the rock sole mean estimate was made over all 1996 strata, rather than the single
monitoring strata, the coefficient of variation decreased from  0.65 to 0.20 (Table I-19). The 1996
coefficient of variation over all strata was higher than in 1995, but less than in 1993 and not
significantly different than either (Table I-20). In this case, as with yellowfin sole, no significant
differences existed among any of the three years.

Estimates of mean abundance and coefficients of variation were calculated over all 1996
strata for each species (Tables I-19-20). For flathead sole, the estimate over all strata was less
precise than over the monitoring strata, but not significantly so. For Pacific halibut, the coefficient
of variation over all strata provided a value for comparison with 1993 and 1995 results (Table I-
20). The 1996 all strata estimate for Pacific halibut was significantly greater than in 1995 (p <
0.05) and was less (but not significantly less) than in 1993. Since all strata were chosen as
monitoring strata for yellowfin  sole, no estimations changed.

3.4 Analysis of interannual variability: Methods and results

3.4. I Methods
Three indices were constructed to discern interannual variations in abundance of each of the

four species: a nine-site index, an all-site index and a habitat index. The nine-site index was the
mean CPUE  calculated over nine fixed sites. The all-site index was the mean CPUE calculated
over all sites sampled each year. The habitat index was the mean CPUE  calculated over all sites in
a particular habitat, “type” specific to each species. The study area was divided into five habitat
“types” defined by depth and by sediment characteristics (represented here by percent sand), since
each of the four species were distributed in relation to particular ranges of depth and sediment
characteristics (Norcross et al, 1995, 1997). The relationship between depth and sediment values
in these bays and the relationship between species’ distribution and each of these physical
parameters determined the five habitat types used for the habitat index. The resultant habitat types
were: <30m  and O-40%  sand, <30m  and 41-80% sand, <30m  and 81-100%  sand, 230m  and O-
40% sand, and 230m  and 41-80% sand. The habitat type selected for each species was the habitat
type with the highest proportion of non-zero trawl catches.

A Kolmogorov-Smirnov D one-sample test for normality was computed on the CPUE values
for each species in each year. For the nine-site index, each species’ distribution was tested for
normality across the nine sites For the all-site index, each species’ distribution was tested for
normality across all sites. For the habitat index, each species’ distribution was tested for normality
across all sites within the species-specific habitat type. Since the means and standard deviations of
the abundances being collected were estimated from the data (the Kolmogorov-Smimov test
assumes the mean and standard deviations are known, not estimated), Lilliefors probabilities were
calculated along with the Kolmogorov-Smimov D statistic. For each index, overall normality was
rejected if species distributions were non-normal in any one or more of the six individual sampling
years. If the species CPUE values were not normally distributed, the log transform (log [x+1])  of
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the CPUE values was also tested for normality. Based on the results of the normality test, species’
mean abundance was tested across years either with a parametric single factor analysis of variance
(ANOVA),  if normal, or a non-parametric analysis of variance by ranks (Kruskal-Wallis test), if
non-normal. For species that showed significant differences among years (a I 0.05),  a Tukey HSD
(honest significant difference) test for unequal sample sizes was made to determine where the
differences in means existed (a I 0.05). Although the underlying assumptions of population
normality and homogeneity of variance are only approximated in this study, the Tukey multiple
comparison test was used since it has shown to be robust with respect to departures from these
assumptions (Keselman,  1976)

3.4.2 Results
The nine permanent sites were sampled at least once in all six sampling years (Figure I-26). In

cases where one of the nine sites was sampled more than once in a year, CPUE values were
averaged over the number of tows at that site and the averaged value was weighted as a single
tow for the remainder of the nine-site analysis (Table I-21). Mean annual CPUE over the
permanent sites was calculated for each species as the first indices of abundance (Figure I-27a).
The CPUE values, and the log transform (i.e. log [x+1])  of the CPUE values, showed significant
departures from normality fbr all four species, so the Kruskal-Wallis test was used to compare
annual mean CPUE of rock sole, Pacific halibut, flathead sole and yellowfin sole. None of the
species had statistically significant differences among years when evaluating across the nine
permanent sites (a = 0.05) (Statistica, 1995).

While random sampling for the all-site index was approximated within the sampling design
constraints noted for each year, annual samples still exhibited a regional bias in particular years
due to weather and lo@stical constraints. In 1991, sampling was concentrated at the head of
Kalsin and Middle Bays and, for all but nine tows that were taken from a chartered trawler, was
restricted to shallow regions due to vessel limitations. In 1992 the sample size was considerably
smaller than in the other five years. A number of tows were conducted in the same sites as 199 1,
for continuity, and the remainder were extended into other shallow-bay regions (due to the same
vessel limitations) with a higher proportion of tows on gravel sediment than in the other five
years. Calm weather in 1994 allowed sampling up to 110 m depth outside the mouths of both
Middle and Kalsin Bays and allowed a number of sites to be trawled in the deep outer portion of
Kalsin Bay. Sampling in 1993, 1995 and 1996 was characterized by a general dispersion of sites
across depths and sediments, with similar sample sizes.

Mean annual CPUE for each species was calculated over all sites as the second index of
abundance (Figure I-27b). Like the permanent site data, both the CPUE values and the log
transform (i.e. log [x+1])  of the CPUE values showed significant departures from normality, so
the Kruskal-Wallis test was used to compare annual mean abundance of all four species. Rock
sole (p < 0.001) and Pacific halibut (p < 0.001) showed significant differences in mean abundance,
while flathead sole (p = 0.168) and yellowfin sole (p = 0.078) did not. Tukey pairwise
comparisons were made of rock sole abundances, indicating that the 1992 mean abundance was
significantly greater than in 1991 (p < O.OOl),  1993 (p < 0.001) and 1995 (p < 0.01); however,
rock sole abundance increased in 1996 and thus was not different than the high value in 1992. The
1994 mean abundance was significantly greater than the two lowest abundances, 199 1 (p < 0.00 1)
and 1993 (p < 0.001). For Pacific halibut, Tukey pairwise comparisons indicated the high mean
abundances in 1994 and 1995 were significantly greater than the low 199 1 (p < 0.00 1 for both)
and 1993 (p  < 0.01 and p < 0.001, respectively) abundances.

For the habitat index, the CPUE values and the log transform (i.e., log [x+1])  of the CPUE
values again showed significant departures from normality for rock sole, Pacific halibut and
yellowfin sole. Kruskal-Wallis non-parametric analysis of variance tests were used to determine
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differences in mean abundance per tow between years. Interannual  trends  in abundance are  shown
in Figure 1-27~.  Rock sole (p < 0.01) and Pacific halibut (p < 0.0001) showed significant
differences in mean abundance, while yellowfin sole (p = 0.182 1) did not (Figure 1-27~).  Tukey
pairwise comparisons were drawn for rock sole, indicating that the lYY2  mean abundance was
significantly greater than in 1991 (p < 0.05). For Pacific halibut, Tukey painvise comparisons
indicated the mean abundance in 1994 and 1995 were significantly greater than in 1991 (p < 0.001
and p < 0.01, respectively).

Unlike the other species, flathead sole was normally distributed each year (1991, p > 0.20;
1992, no samples; 1993, p > 0.20; 1994, p < 0.15; 1995, p > 0.20; 1996, p > 0.20) within the
chosen habitat type (> 30 m depth and O-40%  sand). As a result, mean abundance tested across
years with a parametric single factor analysis of variance (ANOVA)  gave significant results (p =
0.001) for interannual differences. Tukey pair-wise tests indicated that the flathead sole mean
abundance in 1993 was significantly greater than in 1991 (p = 0.008) 1995 (p = 0.022) and 1996
(p = 0.004).

3.5 Discussion of survey design

Two objectives were addressed in the survey design analysis. The first was to determine
whether or not stratification by habitat parameters would increase the precision of abundance
indices for age-0 rock sole, age-0 Pacific halibut, age-0 flathead sole and age-l yellowfin  sole.
The second objective was to assess whether setting up habitat-based monitoring strata which
contained regions on the outer perimeters of each species’ geographical distribution range would
provide more precise and reliable interannual monitoring estimates.

The results of this study indicate that stratification by habitat parameters does increase the
precision of the indices of abundance (Table I-19). The comparison of 1995 data, calculated with
and without stratification, shows that for rock sole, flathead sole and Pacific halibut, stratifying by
habitat characteristics dramatically decreases the variability in the mean estimate. On the contrary,
the yellowfin sole mean estimate was slightly less variable when calculated without stratification,
but the difference is slight compared with the gains in precision for the other three species

The comparison of 1993 sampling (no stratification) with 1995 sampling (stratified by depth
and sediment with the same number of samples in each stratum of each bay) and 1996 sampling
(stratified by depth and sediment with indices calculated for each species  in species-specific
monitoring strata) yielded similar results (Table I-20). With two exceptions, the years of stratified
sampling (1995 and 1996) consistently produced estimates with lower coefficients of variation
than the year of sampling with no stratification (1993). The only case where sampling with
stratification ranked lower than sampling with no stratification was for 1996 rock sole samples.
The rock sole mean abundance calculated in 1996 was based only on stratum 4. As a result, the
sample size for 1996 rock sole abundance consisted of only 7 samples, whereas rock sole samples
in 1993 and 1995 had 35 and 38 samples, respectively. When the 1996 mean estimator was
calculated over all strata, the coefficient of variation was 0.196, a notable increase in precision
over the 0.253 no-stratification coefficient of variation (Table I-20). The other exception arose for
Pacific halibut when the two strata selected as monitoring strata for halibut in 1996, strata 1 and
4, consisted of 11 tows with no halibut caught. Again, when the 1996 mean  estimator was
calculated for Pacific halibut over all strata, the coefficient of variation was 0.267, an
improvement over the 0.324 no-stratification coefficient of variation.

Using the all-strata 1996 estimates for rock sole and Pacific halibut, statistical results follow a
consistent pattern. For flathead sole and Pacific halibut, 1995 and 1996 stratified sampling surveys
were more precise than the 1993 non-stratified sampling survey, but only 1995 was significantly
so. For rock sole and yellowfin sole, 1995 and 1996 sampling surveys again were more precise
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lhan in 1993, but for these species none of the comparisons produced significantly different
rCXllts.

In response to the two research objectives, stratification by habitat parameters does increase
the precision of abundance indices for age-0 rock sole, age-0 Pacific halibut and age-0 flathead
s,3le,  while slightly decreasing the precision for age-l yellowfin sole. Setting up monitoring strata
C)r  each species on the outer edges of their geographic distribution (the 1996 method of strata
sf=lection and sample allocation) does not provide more precise and reliable interannual monitoring
estimates than stratification by habitat over all regions. It is not possible to discern whether the
‘1996 sampling design produced less precise estimates of abundance than 1995 sampling due to
t1he reorganization and decreased number of strata (10 strata decreased to five strata) or due to
t1,le allocation of samples within these strata. Gavaris and Smith (1987) suggest that, in general, no
jncrease  in precision will occur by dividing the sample area into more than six strata. TherefoI-e,  in
this situation it is likely that the decrease in precision is due to the allocation of samples.

There are a number of reasons why the allocation may not have been successful. First, it is
possible that the species’ centers of abundance shift enough from year to year, despite the close
association with habitat type, to make finding the perimeters of geographic distributions diEcult.
!;,imilarly,  the use of variances from one year to predict the sample sizes in the next may be
unreliable since both within- and between-stratum variances can vary widely between years
( Zunderson, 1993; Pennington and Brown, 198 1). While this may be true, it is also recognized
t::lat some gains in precision can be expected even when only rough estimates of within-stratum
variance are available (Gunderson, 1993). Another explanation is that a survey design this
intricate is not effective when sampling for multiple species and overlapping distributions. As
noted by Lenarz and Adams (1 YW), in multi-species studies it is particularly difficult to devise a
sapling  design based on cost, area and abundance variability.

3.6 Discussion of interannual variability

The results of this study stress the importance of sample size and species distribution
considerations on the choice and construction of abundance monitoring indices. While the low
sampling effort required for the nine-site index is favorable and abundance trends are similar to
t,lose determined in the other indices, no differences in abundance could be shown statistically.
‘\Vhile  fixed-site monitoring designs with limited samples can suggest population trends, this study
j.ndicates  that it is unlikely that interannual variation in abundance can be determined with
confidence. The nine-site index is valuable, however, since the fixed-site design isolates the
‘i ariation in annual abundance from the spatial variation due to changing sampling locations.

Required sampling effort was high for the all-site index, but this index discerned the greatest
lrumber of annual differences for the most widely dispersed species, rock sole and Pacific halibut.
It was not able to discern differences, however, for flathead sole and yellowfin sole. Flathead sole
;and yellowfin sole had the highest proportion of zero catches, which likely accounts for the
i:lconclusive  results. For less-abundant or more-aggregated species, therefore, calculating an
:bildex  across all sites (which includes expanses of unoccupied habitat) may not successfully detect
1: hanges in abundance. While monitoring designs such as the all-site index, which require high
.Ilt:vels  of samplmg etibrt, are costly, interannual changes will likely be determined with confidence
.IJI widely dispel  scd  spkcs.  FUL  kss-abundant  or more-aggregated  species, however, sampling
,across all sites may mask significant changes in abundance.

The habitat index was the only index to discern interannual changes in abundance for one of
.the species with the highest no-catch rates, flathead sole. While there was no sampling in flathead
s,ole’s  chosen habitat type in 1992, it is reasonable to assume that the 1992 abundance was even
higher than in 1993, based on the results of the other two indices. Yellowfin sole, the species with

I-38



the lowest abundance over the six-year period, still did not show significant differences in annual
abundance. While it is possible that no changes in abundance occurred over the six year period,
this is unlikely, since all three indices show a decreasing trend over these years. The habitat index
only accounts for large aggregation patterns based on habltat “preferences.” It is possible that
variable aggregation patterns within suitable habitat, enhanced by the low population abundance,
have kept abundance changes from being detected. It is also possible that a more closely defined
“habitat type” could enable detection of interannual changes for this species. For rock sole and
Pacific halibut, the habitat index shows fewer significant differences among years than the all-site
index The decrease in sample size is likely the reason for fewer differences.

In summary, monitoring interannual variations in abundance for multiple species may
necessitate using different indices dependent upon species’ distribution and abundance. Sampling
across a wide range of habitats, as done for the all-site index, should allow detection of population
changes for more widely dispersed species. For highly aggregated species, however, ignoring
spatial patterns when using CPUE data may lead to unreliable abundance indices (Pelletier and
Parma,  1994). Analyzing subsets of the same data set, when separated into “preferred” or
occupied habitat types, may indicate variations in abundance for more highly aggregated species.
Utilizing fixed sites that are sampled each year can provide a baseline to separate spatial and
temporal variability.

Calculating multiple indices when analyzing trawl data sets, as was done in this study, is a
valuable practice when tqing to discern annual variations. While sampling in all regions of the
study area, with randomization each year, would be theoretically ideal, weather, cost and
logistical constraints are a reality when carrying out a survey. Combining the information from
multiple indices can provide a deeper understanding of the underlying recruitment changes armdst
the spatial variations characteristic of juvenile flatfish distributions.
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Chapter 4. Influence of spatial, temporal and physical parameters on
abundance of juvenile groundfishes in Southcentral Alaska

by Brenda 1.  Norcross, Alisa  A. Abookire, and Sherri C.  Dressel

The purpose of this study was to determine if two locations, Chiniak and Kachemak Bays in
!;outhcentral Alaska, which have some similar geologic features and some distinct physical
differences, support the same relative abundance and composition of juvenile groundfish
l>opulations  or if their differences can be explained by physical factors. Comparisons of physical
parameters and fish species composition and abundance in two successive years revealed similar
:$pecies composition but significantly different abundance between the two locations. Depth was
I he most important factor governing distribution and abundance of the species in these two
locations. The species were divided into shallow-water and deep-water groupings. The shallow-
lvater group (rock sole, walleye pollock, Pacific halibut, A4yoxocephaZu.s  spp., Pacific cod,
lrellowfin  sole, Gymnocanthus spp. and sturgeon poacher) was found in higher numbers in
&iniak Bay. The deep-water group (spinycheek starsnout, shortfin  eelpout, slim sculpin,
!;pinyhead sculpin and rex sole) was in higher or equal abundance in Kachemak Bay than in
Chiniak Bay.

When physical parameters (i.e., depth, temperature, salinity, % gravel, % sand, % mud,
organic matter and carbonate) were included as covariates in a MANOVA,  most differences in
abundance of species between locations were eliminated. The locations were physically similar
c:nough to support very similar communities of groundfishes, yet different enough to support them
:tt  different levels of abundance. This may have been tirther  complicated by factors not measured
here. For example, we attributed the species distribution and abundance differences to the deeper,
more open structure of Kachemak Bay compared with Chiniak Bay. However, Kachemak Bay
‘was  also more heavily used by humans than the areas studied in Chiniak Bay. The human effect is
;i difficult parameter to measure, but one that must be taken into consideration when assessing and
: safeguarding habitat.

Southcentral Alaska has very dynamic oceanography and geology The Alaska Coastal
13.1rrent (ACC) follows the coast of the Gulf of Alaska, sweeping from the northeast along the
I:oast of Southcentral Alaska and bifircating  at Cook Inlet where it either flows north through
Xennedy  Entrance into Cook Inlet or flows south along the shelf east of Kodiak Island. The fast-
:moving  ACC sweeps the Kodiak shelf and strong tidal currents move through Cook Inlet; each of
>:hese  currents has significant mixing and transport effects. The entire area (Figure I-l) including
Zook  Inlet, Kenai  Peninsula, Kodiak Island and the Alaska Peninsula is affected by frequent
zarthquakes  and volcanoes (Sykes, 1971; Hampton et al., 1979; McCann et al., 1980; Sykes et al.,
1980; Keinle et al., 1987) which contribute to sedimentation. Additionally, the ACC supplies clay
nineral sediment from the Copper River, carrying it northeast (Hein et al., 1979) to lower Cook
inlet and the Kodiak shelf.

Recent research describes nursery areas of juvenile flatfishes in specific near-shore waters of
Southcentral Alaska relative to sediment and other physical factors. Around Kodiak Island,
nursery areas for rock sole (Pleuronectes bilineatus), flathead sole (Hippoglossoides elassodon),
Pacific halibut (Hippoglossus  stenolepis)  and yellowfin sole (Pleuronectes asper)  are defined and
modeled based on depth, substrate, temperature and position within bays (Norcross et al., 1995,
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1997). In lower Cook Inlet, nursery areas for rock sole and flathead  sole are defined by depth and
sediment type (Abookire and Norcross, 1998-Chapter  1 in this report); however, the addition of
lottom temperature did not refine the definition of habitat beyond depth and sediment
‘descriptions  (Abookire, 1997). We will use simultaneous collections from these two locations to
compare  similarities and differences.

Chiniak and Kachemak Bays are approximately 125 nmi apart in Southcentral Alaska, and are
,;eparated  by Shelikof Strait, Kennedy and Stevenson Entrances and lower Cook Inlet, Chiniak
3ay, in northeast Kodiak Island, is a very large area, approximately 300 km2, with a roughly
-ectangular  shape (24 km wide x 15 km long). It opens to the northeast and is dominated by
.winds. Within Chiniak Bay are three smaller fiords,  Kalsin, Middle and Womens Bays, which are
offshoots  to the southwest. Chiniak Bay is characterized by deep bays, rough bottom topography
md strong wind-driven currents. Substrate varies with water depth, in that deeper, mid-bay areas
,ue mud; shallower, near-shore areas within bays are sand; and near-shore areas of outer bays are
,;enera.lly  rocky (Norcross et al., 1997). Kachemak Bay is equally large at approximately 583 km2.
Y-Iowever,  in contrast to Chiniak Bay, Kachemak Bay is much longer and narrower (39 km wide x
132  km long), is open to the eastern side of lower Cook Inlet and is partially divided into inner and
outer regions by Homer Spit. Wind-generated currents have a great impact on the outer region of
:i<achemak  Bay, where the sediment distribution is a result of circulation patterns that are
llominated by two large gyres in the outer bay (Trasky et al., 1977). Inner Kachemak Bay is
dominated at all depths by fine-grained, organic-rich bottom sediments due to the calm water
I:nvironment (Anonymous, 1977),  and the shallow waters are predominantly mud (Abookire and
&Jorcross, 1998-Chapter  1 in this report). Sediments in outer Kachemak Bay are more variable.
‘>,..lA,.,”  . . . ,,LLl,”  ..,,A,-:s.n&F.  -a....  “l...,, "l.,,ll  AA..-z"  ,F.#.~.mC.rcl.,r  rr..+  .-.,.I  cl.-  ,.a-+-.-  ,a-
.>UUlUGI3  allu buuulc3  ylGuuIIIlIlLIlGllGQI-sLLulc,  bllCl1  UCUllb  ubLAll~1u1Lllcl  UUL,  allu UK  bGllLC1 Ul

1 he bay is silt and sand (Abookire and Norcross, 1998-Chapter  1 in this report). Circulation in
Ycachemak  Bay is dominated by tidal flow. Tides there are as high as 7.8 m, while on the east
c:oast of Kodiak, tides are only 3.8 m.

The purpose of this study is to determine if two locations in geographical proximity, which
have some similar geologic features and some distinct physical differences,  support the same
I.elative  abundance and composition of juvenile groundfish populations or if their differences can
he explained by physical factors. For the two locations, we compare physical parameters and fish
!;pecies  composition. For the two locations in two successive years we examine species abundance
;tnd the effects of physical parameters on the abundances. From the comparisons of these two
iueas, we determine whether a comprehensive description of fish habitat can be applied to
Southcentral Alaska.

4.2  Methods

4.2.1 Sample collections and processing

Samples were collected concurrently in Chiniak and Kachemak Bays in 1995 and 1996.
0iniak  Bay was sampled 3 1 July-10 August 1995 and 4-16 August 1996. Kachemak Bay was
tampled l-9 August 1995 and 10-14 August 1996. August was chosen to maximize demersal
recruitment of juvenile flatfishes, for which it was shown to be optimal (Abookire, 1997). The
sampling design for these areas maximiz ed depth and substrate combinations to study habitat for
juvenile flatfishes (Norcross et al., 1995, 1997; Abookire and Norcross, 1998-Chapter  1 in this
report; Dressel and Norcross, Chapter 3 in this report).

In Chin& Bay, sampling was concentrated within and just outside of Kalsin and Middle
13ays,  especially in the shallow areas known to be flatfish nursery habitat (Norcross et al., 1995).
1 n 1995, multiple samples were taken on the predominant sediment types (sand, muddy sand and
! andy mud) within each 10 m depth interval, composing ten strata for a total of 38 stations and 46
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collections including replicates. The objective of this design was to establish cost and v&mct:
estimates in each strata for each of the four species of flatfishes that have been studied in this area
(rock sole, flathead sole, Pacific halibut and yellowfin sole). In 1996, sampling was reallocated
into five strata and relative sample sizes were determined for each species in each stratum based
on the relative area within the stratum, the cost of sampling and the variance of the four target
species’ abundance (Dressel  and Norcross, Chapter 3 in this report). A similar number of stations,
3 9, were sampled during 1996, with 43 collections including replicates. Stations outside K&in
and Middle Bays in Chin& Bay proper could only be sampled in extremely good weather, and as
a result, deep or open stations were underrepresented in relation to Kachemak Bay sampling.

In Kachemak Bay, stations were aligned in three transects crossing the outer and inner bay.
The principal objective was to cover as many depth increments as possible, thus resulting in 41
stations at 10 + 2 m depth intervals on gradually sloping bottom where depth intervals could be
clearly defined (Abookire and Norcross, 1998-Chapter  1 in this report). Sites within Kachemak
included depths to 150 m and most were located in open bay waters. Due to steep bottom
topography, not all depth intervals could be sampled on each transect. Replicate samples were
collected when the weather permitted, for a total of 49 samples in 1995 and 42 samples in 1996.

Identical sampling techniques and gear, with the exception of boats and people, were used in
Chiniak and Kachemak Bays. A modified 3.05 m plumb stti beam trawl with a double tickler
chain, 7 mm square mesh and 4 mm codend  liner (Gunderson and Ellis, 1986) was deployed at
each station from a 7.6 m Boston Whaler in Chin& Bay and a 9.3 m aluminum Munsen skiff in
Kachemak Bay. This trawl is specifically designed for juvenile bottom fishes and has been shown
to be efficient for capturing flatfishes as small as 11 mm (Norcross et al., in prep.) All tows were
in the direction of the tidal current for 10 minutes at approximately 50-l 00 m/s (1 .O-2.0 kts) in
Chiniak and up to 150 m/s (3.0 kts) in Kachemak due to the strong tidal currents. Start and stop
positions of each tow were recorded using a standard global positioning system (GPS), and tow
depths were measured with a fathometer. All fishes were identified and counted in the field.
Catch-per-unit-effort (CPUE) was calculated by area swept, i.e., distance towed multiplied by
effective width of net (74% of beam width) (Gunderson and Ellis, 1986),  and standardized to
number of fish captured per 1000 m*.  All sampling was conducted during daylight hours. Total
length of fishes was measured and recorded to the nearest mm using an electronic fish measuring
board. Because of the trawl design, almost all fishes were small and estimated to be ages-0 and -1.
Fishes that could not be identified in the field were frozen and returned to Fairbanks for positive
identification. If a fish could not be identified to species, it was listed as genus and “spp.”  in the
results. It was usually difficult to differentiate small rock greenling from kelp greenling; therefore,
they are combined in a category called “rock or kelp greenling.” In the ranking of species, when
there was a tie in abundance the same rank number was given to both species and the following
number was not used.

Also deployed at each station were a 0.06 m3 Ponar grab to collect sediment and a
conductivity-temperature-density profiler (CTD) to measure bottom temperature and salinity. On
a few occasions, weather or mechanical problems prevented collection of sediment or CTD when
fish were collected. In 1995, the study design in Chiniak Bay focused on securing replicate
collections of fish within the same depth and sediment parameters; therefore, the number of
sediment samples is less than the number of fish collections. Frozen sediment samples were taken
back to Fairbanks for grain size analysis measured in Phi increments using the sieve/pipette
procedure (Folk, 1980),  and classified according to the Wentworth scale: mud as CO.062 mm,
sand as 0.062-2.0 mm and gravel as 2.0-64.0 mm (Sheppard, 1973). Percentage organic matter
content (C, CO*,  H20) in each sediment sample was determined by loss on ignition, i.e., the
percent weight lost when burned at 500°C for 2 hr (Dean, 1974; Bengtsson and Enell, 1988).
Organic matter was measured as a rough indicator of organic food available to fishes in the
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sediment. Similarly, percentage calcium carbonate (CaC03)  was the percent lost weight when
burned at 850°C for 2 hrs. The measured percent CaC03  is the amount of CO*  lost at this
temperature divided by 0.44, the fraction of CO2  in CaC03  (Dean, 1974). Thus, the resulting
amount was multiplied by 2.273 to produce the total amount of CaCU3  lost from burning the
sample. This amount of calcium carbonate was used to indicate the presence of organic shells
(mainly mollusks) in the sediment. Data from multiple samples at a station were averaged for use
in sediment classification.

4.2.2 Statistical analysis

Physical parameters, i.e., depth, bottom water temperature, bottom salinity and sediment
characteristics were compared between locations and years by two-way analyses of variance
(ANOVA)  using Statistica (StatSoft,  1995a,  1995b). D ffi erences between individual pairs of
factors were tested using a Tukey unequal N Honest Significant Difference (HSD) test using
Statistica (StatSoft, 1995). Significance values were set to p 5 0.01.

Cluster analysis was used as an expluratuly technique to separately examine groupings of the
most abundant fishes in Chiniak and Kachemak Bays. As our objective was to compare fish at the
two locations, fish from 1995 and 1996 at one location were considered together. Clustering was
performed using species’ abundances as variables, i.e., grouping those species that occur together
in relatively equal proportions among sites (Fargo and Tyler, 199 1). Hierarchical joining was used
to produce tree plots using Statistica (StatSoft,  1995). The tree clustering methods used
dissimilarities, or distance between objects, when forming clusters. For this analysis, we used the
most common type, Euclidean distance, which is the geometric distance in the multidimensional
space. Ward’s method (Ward, 1963) was chosen for the amalgamation rule. This method uses an
analysis of variance approach to evaluate the distances between clusters (StatSoft, 1995) and has
been used to analyze bottom fish assemblages on the western coast of the United States (Jay,
1996). As fisheries trawl catch data are non-normally disuibuted  among hauls (Penningon,  1983;
Smith, 1988; Jay, 1996)  each variable was transformed by log (x + 1) to standardize catches,
minimize outliers and improve distance measures. In order to maximize the number of species
included in the analysis, the criterion set for inclusion in clustering was that the species composed
more than 1% of the catch in at least one of the four cruises. This resulted in 27 species being
included in the analysis, of which two, rex sole and saffron cod, were captured in Kachemak Bay
only. The only exception to the 1% criteria was that the category Lumpenus spp., i.e., unidentified
Lumpenus species, which composed 1.43% of Chin& 1996, was not included. There were three
specific species of Lumpenus, slender eelblenny (L. fabricii),  daubed shanny (L. maculatus)  and
snake prickleback (L. sagitta),  represented in higher percentages and we did not wish to lose
information by combining all of them, yet including unidentified Lumpenus species confused the
classification results. To increase representation of species for both locations, all three categories
of Triglops  species were combined to one category. This was done because two species were
identified in Kachemak Bay, while in Chiniak Bay they were only classsed  to genus.

Densities of the most abundant fishes, i.e., the species categories included in the cluster
analyses, were compared between locations, years with two-way ANOVAs.  Their interactions
were also compared. All CPUE data were log (x + 1) transformed to correct for heterogeneity of
variance (Johnson and Wichern, 1992). Those species that had no significant ANOVA  results, i.e.,
were of equal abundance across space and time, were not analyzed further. For each species with
significant ANOVA  results, differences between individual combinations of year and location
were tested using a Tukey unequal N (HSD)  test (StatSoft, 1995). Thispost  hoc test was
appropriate because the only a priori hypothesis was the null hypothesis, i.e., that all collections
should be equal. Significance levels were set to p 5 0.01. Results from these tests determined
which species would be retained for further analyses.
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To examine differences in species abundance between locations, those species which had
statistically significant differences in some year and location combinations were f&her examined
in relation to the physical factors that were measured with each collection. Because our purpose
was to investigate the factors affecting where the fish were present, we used, for each species,
only the station information, i.e., fish abundance and related physical factors, where the species
was present. For each species a 2-way ANCOVA/multiple regression was conducted using year
and location as independent variables and depth, temperature, salinity, % gravel, % sand, % mud,
organic matter and carbonate as covariates by using ANOVA/MANOVA  in Statistica (StatSoft,
1995) Multiple regression and ANOVA  calculating within-cells regression with covariates are
special cases of the general linear model and yield the same F value as they examine the
relationship between the covariates and the dependent variable without the independent variables
(StatSoft, 1995). A multiple regression of the dependent variable using standardized beta weights
of each covariate was calculated. Because the percentages of the three sediment parameters add
up to loo%, the beta weights and significance levels are identical for all of them; however, this
did not affect the ANCOVA. A Tukey Unequal N HSD test was calculated as apost  hoc
ANCOVA test using only the stations at which the species was present and compared to the
earlier results without the covariates. The Cell Means ANOVA  Model (Type III) was calculated
by Statistica for linear combinations of cell means as the sum of squares for different effects in
design; in effect this tests the significance of partial correlations by controlling for all variables in a
stepwise  fashion (StatSof?, 1995). The means were examined using the effects of year, location
and their interaction, using an F test. Adjusted means, computed to compensate for covariates
being affected by between-groups factors, were also calculated. Significance levels were set to p 5
0.05.

4.3 Results

4.3.1 Physical comparisons

For most physical parameters, differences were apparent between Chiniak Bay and Kachemak
Bay (Table I-22). In Kachemak Bay, the sampling scheme took advantage of the range of depths
available as evidenced by the greater mean depth and range of samples. In Chin.& Bay, the
stations were in shallower waters. Perhaps reflective of these shallower depths were the warmer
bottom water temperatures in Chiniak Bay. Kachemak Bay has more fresh water input than
Chiniak Bay as seen in the bottom salinity values and ranges. Sediment characteristics also
differed between the two locations. Chiniak Bay stations were about two-thirds sand and  one-
third mud with a minor amount of gravel, while Kachemak Bay stations were approximately equal
in mud and sand, and had a slightly higher percentage of gravel. Mean organic matter was almost
twice as high in Kachemak Bay than in Chiniak Bay, and the amount of carbonate was four times
as high in Kachemak Bay samples.

Differences between years within the same location were found only for temperature and
salinity (Table I-23). Whereas there was no significant difference in salinity within the same bay
between years, temperature was significantly warmer in 1996 than 1995 in Chiniak and Kachemak
Bays (Table I-24). Salinity was significantly different  for all year and location combinations. In
both locations, significant within-location temperature increases occurred between 1995 and
1996. Temperatures in Chin&k  Bay in 1996 were warmer than those of Kachemak Bay both years
(Tables I-22-24). However, cooler temperatures in Chink&  Bay in 1995 were not significantly
different from temperatures in Kachemak Bay in either year. Mean sampling depth was
significantly deeper in Kachemak than Chiniak Bay (Tables I-23-24) and may account for the
temperature patterns. As expected, the between-year differences were not statistically significant
for any of the five sediment parameters; i.e., bottom type was a persistent characteristic in the
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same location over time (Tables I-23-24). However all sediment parameters except gravel were
highly significantly different between locations according to ANOVA  results. Closer examination
using the more conservative non-parametric Tukey HSD revealed no differences between any
location  and year combination for mud, nor any significant difference between Chiniak and
Kachemak  1996 percentages of sand (Table I-24). Organic matter was highly significantly
different between Chiniak and Kachemak Bays for both years. Carbonate content was only
different between locations in 1995 (Table I-24). No interactions between location and year were
significant (Table I-23).

4.3.2 Fish comparisons

A total of 33,136 fishes composed of 80 species was captured during four cruises in two
years  (Table I-25). Although approximately the same number of tows were made in each bay,
three times as many fishes were captured in Chiniak Bay than in Kachemak Bay in both 1995 and
1996. The slightly longer tow distances in Kachemak Bay yielded fish densities approximately 4-6
times  lower than in Chiniak Although the species composition was not identical, approximately
the same number of species were captured in the same location each of the two years. The total
lumber of species per tow was less in Kachemak than Chiniak Bay. The top ten most abundant
species  composed nearly 90% of the fish captured in Chiniak Bay each year, somewhat less (84%)
in Kachemak Bay in 1995 and much less (77%) in 1996. Although one-third as many fish were
saptured in Kachemak Bay, four-fifths as many species were captured (Table I-25).

Twenty species composed the top-10 most abundant species for all four cruises. Four top-10
species were common to all four cruises, and the cruises within Chiniak and Kachemak Bays each
shared  seven top-10 species. Rock sole was the most abundant species in three of the four cruises,
while  being ranked third  in the  o t h e r  cruise  (Table:  I-25). T here were  apparent  outlicrs among the
top ten species. Sawback  poacher (Sarritor frenatus)  was ranked number 9 in Chiniak in 1995,
was not captured in Chiniak Bay during 1996, and was ranked relatively low in Kachemak Bay.
Stout eelblenny (Lumpenus  medius),  which was ranked number 8 in Kachemak Bay in 1995, was
saptured in extremely low numbers in 1996, and relatively low numbers both years in Chiniak
Bay. Saffron cod (Eleginus  gracilis) which ranked fourth in Kachemak in 1996 was not collected
in any of the three cruises. Most other species had similar abundance rankings within the same
bay. Applying the criterion for inclusion of the most abundant species resulted in twenty-seven
species, including all twenty of the top- 1 OS, being further examined by cluster analysis and 2-way
ANOVA.

Four broad clusters were produced for the fish of Chiniak  Bay (Figure I-28). With the
exception of snake prickleback (Lumpenus sagitta) and sturgeon poacher (Podothecus
acipenserinus),  the first cluster on the right, was composed of species in the top nine of both

years in Chiniak Bay, rock sole, Pacific halibut, Pacific  cud (Gadus  macrocephalus),  walleye
pollock (Theragra  chalcogramma),  Myoxocephalus  spp. and yellowfin sole (Table I-25). The
next two groupings, right to left, flathead  sole, arrowtooth flounder (Atherestes stomias), daubed
shanny (Lumpenus maculatus),  spinycheek starsnout (Bathyagonus infraspinata),  northern
sculpin (Icelinus  borealis), sawback  poacher, Gymnocanthus spp., slender eelblenny (Lumpenus
fabricii)  and snailfishes (Liparididae),  contained the remainder of the top IO fishes and the next
most abundant species. The fourth group on the far left was all the species which have abundances
<0.5%,  except shortfin eelpout (Lycodes brevipes) which was separately linked to the rest of the
group.

In contrast to Chiniak Bay, the clustering for Kachemak Bay (Figure I-29) created five
groupings instead of four and divided the most abundant species into two groups, the first at the
far  right and a fifth  a t  the  far left. The  first  cluster  was similar to the first cluster in Chiniak  Bay in
that it contained all top- 10 species with one exception, Myoxocephalus  spp. Both first groupings
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contained rock sole, Pacific halibut, Pacific cod, walleye pollock, Myoxocephalus  spp. and
yellowfin sole. In Chiniak Bay halibut was linked with the rock sole-Pacific cod complex, while in
Kachemak Bay it was more closely associated with the rest of the species in the group, especially

yellowfin sole. The species of fifth group, shortfin eelpout,  spinycheek starsnout and flathead sole,
all rank within the top six of the species captured during the two cruises in Kachemak Bay. The
second grouping was mainly flatfishes: arrowtooth flounder, Dover sole (Microstomuspacz#cus)
and rex sole (Errex  zachirus). Of these, only arrowtooth flounder was in a similar position in
Chiniak Bay, which had no rex sole and very few Dover sole. The third grouping contained
Gymnocanthus spp., sawback  poacher and Liparididae as in the third grouping in Chiniak Bay.
However, unlike Chiniak Bay, this was a rather large grouping containing six more species.
Northern ronquil (Ronquilusjordimi) and snake prickleback, which were not grouped together in
Chiniak Bay, formed their own fourth group, second G-urn  the left. The most striking similarity
between Chiniak and Kachemak Bay clusters was that the same species, rock sole and shortfin
eelpout,  were at either end of the tree plots.

Differences in abundance of fish between years (Table I-26) were found by ANOVA  for three
of the species examined, sawback  poacher, snake prickleback and tadpole sculpin (Psychrolutes
paradoxus). Interaction between year and location was also significant for sawback  poacher,
snake prickleback and also for Pacific cod. The difference in abundance of fish between the two
locations, Chiniak Bay and Kachemak Bay, was significant for 19 of the 27 species examined. The
other eight species, flathead sole, slender eelblenny, daubed shanny, Liparididae, Dover sole, stout
eelblenny (Lumpenus medius) and s&on cod, showed no significant differences among locations
and years and were not examined further (Table I-26).

Most species had significant differences among selected bay and year combinations, though
the results of the Tukey HSD tests revealed that two species, northern sculpin and northern
ronquil, had no differences (Table I-27). Although tadpole sculpin ranked exactly the same in
Kachemak Bay both years (#14)  the slightly higher catch in 1996 was significantly different only
from the zero catch in Chiniak Bay in 1995. Because of this minor difference for this species and
no difference for northern sculpin and northern ronquil, these three species were not evaluated
further. Snake prickleback had significantly higher abundances in Chiniak Bay in 1996 than either
Kachemak or Chiniak Bay in 1995 (Table I-27). Sawback  poacher, an outlier as noted above,
quite expectedly had significantly higher abundance in Chiniak in 1995 than in any of the other
three collections. Although arrowtooth flounder had somewhat similar rankings in the two
collections in Chiniak Bay, only the higher abundance in 1995 was significantly larger than the
collection either year in Kachemak Bay (Table I-25). Six species, Pacific cod, spinycheek
starsnout, shortfin eelpout,  slim sculpin (Radulinus  asprellus),  spinyhead sculpin (Dasycotrus
setiger) and rex sole, had significant differences between Chin& Bay in both years and
Kachemak Bay in 1996 (Table I-27). For all but Pacific cod this was caused by higher catches in
Kachemak Bay in 1996 than in any of the other three collections, whereas the catch of Pacific cod
was much lower in Kachemak Ray in 1996.

Six species showed differences between locations for all time frames,  but no differences
within location for any time frame: rock sole, walleye pollock,  Pacific halibut, Myoxocephalus
spp., yellowfin sole and Gymnocunthus  spp. (Table I-27). Of these, the first five species were all
clustered in group 1, which contained the most abundant species, in Chiniak (Figure I-28) and
Kachemak Bays (Figure I-29). Gymnocanthus spp., the remaining species, was included in group
3 in each bay. The only other species that had significant differences between locations for all time
frames was sturgeon poacher. Like the first six, the relative rankings of this species were almost
identical (Table I-25). However, unlike the other six species, the abundances of sturgeon poacher
were significantly different between the two years of sampling within Chin& Bay (Table I-27).
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4.3.3 Fish and physical interactions

Most differences were eliminated and other differences were changed by incorporating the
physical variables, depth, temperature, salinity, % gravel, % sand, % mud, organic matter and
carbonate, in an ANCOVA test for each of the 16 species of fish which had significant differences
in abundances across location and years combinations (Table I-28). Whereas previously rock sole
and shortfin eelpout had been different between locations (Table I-26) their differences were
eliminated by the incorporation of physical variables and replaced with differences between years.
Previously, snake prickleback had significant differences for year, location and the year-location
interaction (Table I-26). Incorporating physical covariates reduced the differences to just year and
interaction (Table I-28). The only two species that still had significant differences in location, even
with the incorporation of covariates, were spinycheek starsnout and slim sculpin. Without
covariates, only location was different for these species; with covariates both location and year
were significantly different.

In an attempt to understand the effect of the physical covariates on the ANCOVA results,
multiple regressions using cnvariat~s were  examined Regrcnninn cndfici~nts  were  significant for

six of the 16 species, three of which, rock sole, snake prickleback and slim sculpin, also had
significant differences between years in the ANCOVA (Table I-28). Rock sole had the highest
significance and also was the only fish species for which four of the covariates were significant:
depth, temperature, organic matter and carbonate. For snake prickleback, the sediment
parameters were significant factors, while for slim sculpin salinity and organic matter were
significant. Three other species, which did not have significant ANCOVAs, had significant F
values for the multiple regression. Depth was a significant covariate for Pacific cod and yellowfin
sole. Pacific halibut however did not have any significant covariates. Two species, spinycheek
starsnout and shortfm eelpout,  that had significant ANCOVAs did not have significant regression
coefficients (Table I-28). Of those, no covariates were significant for shortfin eelpout, while
salinity was significant for spinycheek star-snout. Several species had significant covariates but no
regression coefficients. Depth was significant for walleye pollock and Myoxocephalus  spp.
Salinity also was significant  for Myoxocephalus  spp. as well as for sturgeon poacher. Organic
matter was significant for Gymnocanthus spp. and rex sole. The covariates did not explain much
of the variance, as the R’ was very low (0.12-0.39) for all species except slim sculpin (0.54).
Therefore, predictive multiple regression equations based on physical factors were not developed.

To determine the effect of physical variables as covariates on the resulting differences in
abundances among location and year combinations, Tukey HSD tests were carried out after the
ANCOVAs. When results for the 16 species were directly compared with the previous results
without the incorporation of covariates (Table I-27), twelve species no longer had significant
differences (Table I-29). Snake prickleback, which previously had three significant differences,
was reduced to two. Pacific halibut differences were reduced from four to three. Rock sole
retained all four of its differences. The level of significance for each of these was reduced by one
order of magnitude. Arrowtooth flounder increased its number of significant comparison from
two to three, adding Chiniak 96-Kachemak 95.

4.4 Discussion

Chiniak Bay had a greater abundance of fish than Kachemak Bay in both years of the study.
However, the dramatic differences initially suggested mostly disappeared when the effect of
physical variables as covariates was considered. Thus, the difference in physical characteristics
between the locations resulted in these locations supporting unequal numbers of juvenile
groundfishes. A greater number of deep stations were sampled in Kachemak Bay than in Chiniak
Bay. In all cases, the mean depth range for species in Kachemak Bay was deeper than for the
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same species in Chin& Bay. Thus, it appears that the distribution of a fish species was affected
by the selected depth range, and perhaps limited by the availability of that depth range. Depth and
temperature are highly correlated (Norcross et al., 1995, in review), and the effects of one often
account for the effects of the other. It is fortuitous that the interannual difference in bottom
temperatures found in this study made it possible to separate the effects of these factors. Both
bays had warmer bottom temperatures in 1996 than in 1995. For all species the mean
temperatures at which they were collected in Kachemak Bay in 1996 was warmer than the
temperatures at which they were collected in Chiniak Bay in 1995. There was no linear
relationship among mean bottom water temperatures and fish abundances across the four cruises,
indicating that temperature was not the prime factor affecting distribution or abundance of these
species and that depth needs to be examined.

For six species, walleye pollock, Myoxocephalus  spp., Pacific cod, yellowfin  sole,
Gymnocanthus spp., and sturgeon poacher, for which significant differences were negated by
inclusion of physical covariates, and for two species that continued to have significant differences,
rock sole and Pacific halibut, the abundance was higher, the number of stations at which the
species was captured was higher, and the mean depth of capture was less in Chin& than
Kachemak Bay (Table I-30). One other species that still had significant differences, snake
prickleback, was also captured at more stations and shallower depths in Chiniak Bay; however,
while snake prickleback abundance in Chiniak Bay in 1996 was higher than in Kachemak Bay, it
was lower in 1995. These nine species essentially form a shallow-water grouping. A tenth species,
sawback  poacher, was also characterized as a shallow-water type. Though sawback  poacher was
captured at a low number of stations in Kachemak Bay, it was captured at an inconsistent number
of stations during the two years  in Chiniak Bay (Table I-30). This shallow-water group was
collected at an average depth of 26 m (13-28 m ) in Chiniak Bay, which is consistent with the 24
m average depth of the stations sampled (Table I-22). However, all of them were collected at a
deeper range of depths (26-56 m) in Kachemak Bay. There was a wide range of discrepancies in
the depth of capture at the two locations. Rock sole were caught, on average, only 7 m deeper in
Kachemak Bay, while sturgeon poacher were caught 30 m deeper (Table I-30). Though the latter
is consistent with the average collection depth of 58 m in Kachemak Bay (Table I-22), the other
nine species, while captured in deeper waters than in Chiniak Bay, were found in waters much
shallower than average for the collection.

Conversely, five other species for which significant differences were negated by inclusion of
physical covariates (spinycheek starsnout, shortfin eelpout,  slim sculpin, spinyhead sculpin and rex
sole) display the opposite trends; i.e., they were captured at more stations and at deeper depths in
Kachemak than in Chiniak Bay (Table I-30). However only three of these, slim sculpin, spinyhead
sculpin and rex sole, were captured in higher numbers in 1995 and 1996 in Kachemak Bay. The
five species were captured at 44-60 m in Chiniak Bay and 57-86 m in Kachemak Bay. The only
overlap was two collections for slim sculpin in which the depths were equal; otherwise, all species
of the deep-water grouping were captured in deeper water in Kachemak than in Chiniak Bay, as
was also found for the shallow group.

The one remaining species does not exactly fit one of the patterns of shallow-abundant-
Chiniak or deep-abundant-Kachemak, but as with all the other species, their mean depth of
capture was less in Chiniak Bay than in Kachemak Bay. Arrowtooth flounder was found at
intermediate depths (37 m in Chiniak; 57 m in Kachemak). The average catch of arrowtooth
flounder was higher in Chiniak Bay, although the number of stations at which arrowtooth flounder
were captured was similar to the number in Kachemak Bay. Other groundfishes (flathead sole,
slender eelblenny, daubed shanny, snailfishes, Dover sole, Triglops  spp., stout eelblenny, and
saffron cod) showed no significant differences between locations and thus were not evaluated for
depth preferences.
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Depth is a determinant of distribution of juvenile flatfishes around Kodiak Island and in Cook
Inlet. As in the present study, rock sole are relatively shallow-water species in bays around
Kodiak Island (Norcross et al., 1995, 1997) and in Kachemak Bay (Abookire and Norcross,
1398-Chapter  1 in this report). However, rock sole is a ubiquitous species and is found in
deeper waters in Sitkinak Strait at the south end of Kodiak Island (Chilton, 1997) and when
modeled (Norcross et al., in review). In agreement with the present findings, Pacific halibut are
c assified as a shallow-water species (Norcross et al., 1995, 1997; Chilton, 1997; Abookire and
I\;orcross,  1998-Chapter  1 in this report). Likewise, yellowfin sole are found in waters < 30 m in
other studies (Norcross et al., 1995, 1997, in review). Arrowtooth flounder are in deep (65 m)
water in Sitkinak Strait (Chilton, 1997),  perhaps indicating that they should be classed with the
deep-water fish grouping here.

These proposed shallow- and deep-water groupings correspond rather closely to the results
of the cluster analyses (Figures I-28-29). The first grouping on the right side for each bay was
composed  of shallow-water fishes while the grouping on the left side of each was deep-water
fishes. This is in agreement with an analysis of community structure of juvenile demersal fishes
a-ound Kodiak Island (Muter and Norcross, in preparation). In that study the first index
summarizing different aspects of community composition is related to the depth-temperature
gradient. Most of the fish on the right side of our cluster analysis, rock sole, Pacific halibut,
Pacific cod and Myoxocephalus  spp. were negatively correlated with depth, while the fish on the
left side, shortfin eelpout,  spinycheek starsnout, rex sole and spinyhead sculpin, were positively
correlated  with depth.

Examining other parameters by depth grouping revealed that four of the nine species in the
shallow-water group, rock sole, halibut, Pacific cod and Gymnocanthus spp., were collected on a
higher mean percentage of sand than mud or gravel for all four cruises. Three species, pollock,
y ellowfin sole and snake prickleback, were found on higher or nearly equal mean percentages of
sand, and two species, Myoxocephalus  spp. and sturgeon poacher, were on higher percentages of
sand  for three cruises, and higher percentages of mud for one cruise.

Sediment is an important factor determining the distribution of juvenile flatfishes around
Kodiak Island (Norcross et al., 1995, 1997; Chilton, 1997)  in Kachemak Bay (Abookire and
Norcross,  1998-Chapter  1 in this report) and on the Alaska Peninsula (Norcross et al., in
review).  Rock sole prefer sand and mixed sand substrates (Moles and Norcross, 1995;  Norcross
et  al., 1995, 1997, in review; Chilton, 1997; Abookire and Norcross, 1998-Chapter  1 in this
report).  Although the mean percentages of sand on which rock sole were collected for these four
cruises (Table I-30) differ across area and time, sand was always the sediment component with
the highest percentage. Like rock sole, Pacific halibut prefer mixed sand substrates; halibut’s
sediment  preference ranges from muddy sand in laboratory tests (Moles and Norcross, 1995) to
mixed sand in field collections (Norcross et al, 1995, 1997) and coarse sand in exposed areas
(Chilton,  1997). In the present study, the mean percentage of sand was higher than that of mud,
and equal to or higher than the percentage of sand on which rock sole was found. Pacific cod and
Cymnocanthus  spp. were also found on higher mean percentages of sand in all four cruises, while
walleye pollock, yellowfin  sole and snake prickleback were on higher percentages of sand or, for
one of the four cruises, on percentages approximately equal to those of mud. Yellowfin sole are
found  on substrates composed of sand, mud and gravel (Moles and Norcross, 1995; Norcross et
a.., 1995, 1997) and in this study were found on a higher mean percentage of sand in most of the
cruises,  with a low level of gravel in all but one cruise. Though yellowfin sole is likely to be found
on muddy gravel or gravelly mud substrate (Norcross et al., 1995),  their abundance was lowest in
Kachemak Bay in 1995 when the mean sediment value contained a high percentage of gravel and
cubonates. In Kachemak Bay in 1995, yellowfin sole had a lower abundance, distributed over a
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higher number of stations, than in 1996; this may be attributable to the mean depth of capture  (30

m) since yellowfin sole prefer depths less than 28 m (Norcross et al., 1997).
There did not appear to be a pattern in distribution of mean sediment between these locations

to account for the differences in species abundance and distribution. Only spinycheek star-snout
and slim sculpin were on less sand and more mud in Chiniak Bay than in Kachemak Bay during
both years. They were also collected at 2-14 times as many stations in Kachemak Bay; however,
mean abundance values per station did not relate to these trends. In all other cases, there appeared
to be a broad range of mean sediment values at which the fish were collected, although there were
high percentages of gravel in 1995 in Kachemak Bay collection sites for rock sole, pollock,
Myoxocephalus  spp., yellowfin sole and sawback  poacher. In both 1995 and 1996, there was a
high percentage of gravel in sediments where Pacific cod was collected in Kachemak Bay.
However, there is nothing remarkable about the percentages of gravel, sand and mud on which
snake prickleback were collected to explain why sediment was significant in the multiple
regression analysis. Higher carbonate values in Kachemak Bay indicate that some of the gravel
substrate in that location may actually be shell hash. As organic matter is a proxy indicator of
availability of food, it is incongruous that the location that consistently has lower organic matter
in the sediment, Chiniak Bay, also has higher abundances of fishes.

The only other covariates that showed patterns were organic matter and carbonate. Organic
matter and carbonate were consistently higher at stations in Kachemak than Chiniak Bays (Table
I-22). The stations associated with the species captured in shallower water, especially in Chiniak
Bay, appeared to have less organic matter, which seemed to increase in the stations associated
with the fish captured in deeper water (Table I-30). The higher levels of carbonate found in
UO~h,,.-,l, ".%mw.b-l  +rr A , , , , , , ,  ,,.:+1. A,.,cl.  L..c ^^A  L  ̂ LL  ̂ l---.  l^__  ̂ l-  -cnl-:-r-1-  l-a-.
I~c&cIllGl”ab  3GGlllCU  LV  ucuca~c WlLll  UcpLlI, UUL  1lUL  LU LIE IUW  levels VI LnmlaK  Day.

It was helpful to specifically examine those fishes that retained some significant differences
with the inclusion of covariates. Pacific halibut retained significant differences in three of four
year-location combinations. The abundance of Pacific halibut in Kachemak Bay in 1995 was quite
low compared with their abundance on to all other cruises. The sediment was predominantly sand,
as in Sitkinak Strait (Cl&on,  1997)  and the percentage was well above the 35% necessary for
age-0 halibut to inhabit open bays (Norcross et al., in review). However, for the Kachemak 1995
cruise, the mean depth of capture was 56 m, much deeper than the lower depth limit of 40 m for
halibut around Kodiak Island (Norcross et al., 1995, 1997; Chilton, 1997). The comparatively low
catches of halibut in Kachemak Bay in 1996 may be attributable to the greater mean depth of
capture. Though the mean depth was shallower than the apparent acceptable range (to 40 m) for
halibut, it was deep in comparison with Chiniak Bay. In Sitkinak Strait, halibut are most abundant
at 20 m (Chilton, 1997) a value consistent with the shallow depths seen in Chiniak Bay. Thus it
appears that depth is a governing factor in the abundance and distribution of halibut.

Arrowtooth flounder not only retained the significant differences between the high
abundances in Chiniak Bay in 1995 and those of Kachemak both years, but with the inclusion of
the covariates there was also a significant difference between Chiniak 1996 and Kachemak 1995.
Distribution of arrowtooth flounder has been linked to sediment (Norcross et al., in review) and
depth (Chilton, 1997). In this study arrowtooth flounder in Chiniak Bay were 20 m shallower than
in Kachemak Bay, though the 60 m depth of Kachemak Bay is in agreement with the depth
distribution of arrowtooth flounder in Sitkinak Strait (Chilton, 1997). Sitkinak Strait is an open
area with a geomorphology more similar to Kachemak Bay than to Chiniak Bay; no depths
between 20 and 55 m were sampled there for comparison to Chiniak Bay. Arrowtooth flounder
are likely to be found on mixed substrates with less sand (Norcross et al., in review), thus the
reduced percentage of sand may explain the high abundance of arrowtooth flounder in Chiniak in
1995. Less conclusive was the slightly reduced percentage of gravel in Kachemak in 1995, which
may have affected the abundance of arrowtooth flounder.
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The most difficult fish to explain was also the most abundant one, rock sole. It was found at
almost double the density at more than twice as many stations in Chiniak Bay than Kachemak
Bay. Although rock sole abundances were significantly different among all four year-location
combinations, there was nothing remarkable about the values of the physical parameters to explain
these differences, The mean depth of capture for rock sole in both locations was less than 28 m,
as around Kodiak Island (Norcross et al., 1997). Rock sole in both locations appeared to prefer
warm mean temperatures (Table I-30). Other research around Kodiak Island in 1991 and 1992
reports that rock sole inhabit waters warmer than 8.7”C  (Norcross et al., 1997). Mean salinity
values in this study cover a very broad range, but are consistent with rock sole being found at
salinity less than 32.1 PSU (Norcross et al., 1997). Rock sole are associated with sand (Norcross
et al., 1995) and muddy sand substrates (Norcross  et al., 1997) around Kodiak Island, as found in
Chinials  Bay and Kachemak Bay in 1336. However, the catches in Kachemak Bay in 1995 were
on a high mean percentage of gravel, a substrate not usually preferred by rock sole (Norcross et
al., 1995). This was coincident with the only cruise in which rock sole did not rank as the most
abundant species. ‘The mean carbonate content of the sediment was much lower for Chiniak Bay
than for Kachemak Bay, a result which may have affected the distribution and consequent
abundance of rock sole, although no previous studies have examined this parameter. Rock sole
were found on sediment of lower organic content in Chiniak Bay than Kachemak Bay, which was
consistent with the availability of that parameter. Rock sole were found at 82-84%  of the stations
sampled in Chiniak Bay and 33110%  of the stations sampled in Kachemak Bay, which may be
attributable to the depth ranges of stations sampled in each location. Rock sole are rather
ubiquitous in their distribution, and their depth of capture ranges tn 507  hn  (Nnrcross  et al , 3 995>

1997, in review) or even 75 m (Chilton, 1997),  readily exceeding the 18 m average found in
Chiniak Bay. We hypothesize that the lack of availability of shallow waters in Kachemak Bay and
the 7 m difference in average depth of capture was important in determining the broader
distribution and increased abundance of rock sole in Chiniak Bay.

Examination of the abundance means, adjusted with the incorporation of the covariate effects
shows that for eight species of the shallow-water group (rock sole, walleye pollock, Pacific
halibut, MyoxocephaZus  spp., Pacific cod, yellowfin  sole, Gymnocanthus spp. and sturgeon
poacher) the values for the two locations were brought closer together by reducing abundances
for Chiniak Bay and increasing abundances for Kachemak Bay. One of the species in the deep-
water group, spinyhead sculpin, responded similarly with the values for Chiniak Bay decreasing
and those for Kachemak increasing; however this resulted in the adjusted means for the two
locations being farther apart. Three of the species in the deep-water group, spinycheek star-snout,
shortfin eelpout and slim sculpin responded in the opposite way; i.e., the adjusted means for
Chiniak increased while those for Kachemak decreased, and again the result was further
separation between the mean abundances in the two locations. Snake prickleback and arrow-tooth
flounder did not follow any pattern in the increase or decrease of adjusted mean in relation to
location. While their numbers changed, the spread of values across locations stayed relatively
constant.

We conclude that physical factors do affect the distribution and abundance of the juvenile
groundfish species studied in these two locations. The locations are physically similar enough to
support very similar communities of groundfishes, yet different enough that they are not
supported at the same level of abundance. Depth was the most important factor governing
distribution and abundance of the groundfishes in these two locations, dividing the species into
shallow and deep-water groupings. Though there were interannual differences in temperature,
temperature was not a prime factor affecting distribution or abundance of these fishes. This may
have been further complicated by factors not measured here. For example, we attributed the
differences to the deeper, more open structure of Kachemak Bay compared with Chin& Bay;
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however, Kachemak Bay is also more heavily used by humans than the areas studied in Chiniak
Bay. The human effect is a difficult parameter to measure, but one that must be taken into
consideration when assessing and safeguarding habitat.

I-52



Chapter 5. Investigation of benthos and flatish  diets at one site in
Kachemak Bay

by Brenda A. Holladay and Brenda L. Norcross

5. I Introduction

Feeding strategy and diet are directly responsible for fish growth and consequent survival to
maturity. Some researchers consider food to be the most important factor governing recruitment
of juvenile fishes (e.g., Toole, 1980; Gibson, 1994). However, other researchers (Reichert and
van der Veer, 199 1; van der Veer et al., 199 1; Ha&tracker  et al., 1995) conclude that growth of
juvenile flatfishes is related to habitat characteristics and is strongly dependent upon temperature
rather than possible food limitation. Depth of water is frequently related to the benthic community
composition of invertebrates and vertebrates (Pearcy,  1978). A size-depth segregation of juvenile
flatfishes may assist with the reduction of intra- and interspecific competition (Toole, 1980).
Rogers (1992) found it more appropriate to describe the nursery area of sole (SoZea  solea  L.)
based on factors associated with the sediment structure rather than on the type and quantity of
benthic invertebrates available. Many studies relate juvenile flatfish distribution to a preference for
sediment type (e.g., Moles and Norcross, 1995; Norcross  et al., 1995, 1997). Preference for a
specific habitat component, such as sediment type, may be attributed to an indirect and oRen
unmeasured link to abundance of preferred food items (Jager et al., 1993). Benthos community
zonation and sediment grain size can be highly correlated with each other (e.g.> Fresi et al ~ 1983)

Depth, sediment and temperature, three environmental factors which are linked to benthic
community distribution, have been analyzed extensively relative to flathead sole and rock sole
distribution and abundance in Kachemak Bay (Abookire and Norcross, 1998-Chapter  1 in this
report, Chapter 2 in this report). These analyses provide a solid foundation for subsequent diet
examination. Under separate funding (CMI Task Order 14278),  the diets of flathead sole and rock
sole, the most abundant flatfishes in Kachemak Bay, are being evaluated in relation to size of fish,
distribution of fishes with respect to physical characteristics (depth, substrate), seasonality in
distribution of fishes and co-occurrence of fish species.

The objectives of the present research were to examine the diets of flatfish and the benthic
taxonomy from one collection in Kachemak Bay, and to establish a preliminary database of flatfish
diet and benthos for this region.

5.2 Methods

Benthic fauna and the stomach contents of concurrently collected juvenile flatfishes, i.e.,
arrowtooth flounder, flathead sole, Pacific halibut, yellowfin sole and rock sole were examined
from a single collection site during a September 1994 cruise in Kachemak Bay (CI9401).  This site
was consecutive station #37,  located at 30 m depth along the McDonald Spit transect within
Kachemak Bay (Appendix II-l : CI9401  cruise report). A profile of temperature and salinity
profiles was obtained at the site with a portable CTD, and the substrate was sampled with a Ponar
grab. See Appendix II- 1 for more specific collection methods. Approximately half of the substrate
grab was frozen and underwent grain size analysis in the laboratory (Appendix II-2). The other
half was sieved through a 1 mm screen and preserved as a benthos sample in 10% formalin, which
was changed to 50% isopropyl alcohol before taxonomic laboratory analysis.

The importance of each prey taxon  in the benthos was calculated using an equation similar to
that of the IRI (Pinkas  et al., 1971),  in which the proportional importance = (N + W) * 50, where
N = percent number of prey and W = percent weight. The benthos was examined to provide a
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biological description and an estimate of prey taxa available to flatfishes at the study site.
However, the estimate of prey availability provided by benthic taxonomic analysis was of limited
application, since epibenthic animals were not adequately represented in the collections by Ponar
grab, and epibenthic crustaceans contribute largely to the diet of juvenile flatfishes (Toole, 1980;
Holladay and Norcross, 1995b).

Diets were examined for interspecific comparison of five species of flatfishes captured at
CS#37  and for comparison with the benthos. Proportional indices of relative importance (pIRI)
were calculated for each predator, in which pIRI  = (%N  + O/W) * %F,  where N = number of
prey, W = weight of prey and F = frequency of fish consuming the prey (Pinkas  et al., 1971). The
proportional importance of each taxon in the benthos was calculated as (%N  + %W)  *50.

Percentage similarity between the diets of each two predator species and between each
predator species and the benthos was examined using a percentage overlap index calculated as
follows (Renkonen, 1938, as cited in Krebs,  1989):

Pri  = [ C (minimum pXi, pyi) ] 100

where P,, = percentage overlap between species x and y;
pX1 and pri  = proportional weights of prey i in the diets of species x and y, respectively;

and n = total number of resource states.

The percentage overlap can range in value from 0 to 100%. A value of 0% indicates no dietary
similarity, and a value of 100% represents complete dietary overlap in which all prey are found in
equal proportions for both predators. Separate indices were calculated using resource taxa at the
level of family, and also to the most specific taxonomic level possible.

5.3 Results

The physical parameters measured at CS#37  included bottom temperature (9.5”(Z),  bottom
salinity (30.3 PSU),  depth  of tow (3 l-33 m), % gravel (0), % sand (72),  % mud (28) and
substrate type (muddy sand). Flatfishes captured at CS#37  included arrowtooth flounder (N =
15) flathead sole (N = 15) Pacific halibut (N = 1 l), yellowfin sole (N = 60)  rock sole (N = 10 1)
and English sole (N = 6). A subset of those fishes smaller than 200 mm total length was retained
for stomach content analysis.

Diets of all 69 fishes retained for stomach content analysis were examined (Table I-3 1, Figure
I-3 0). Arrowtooth flounder (N = 15) consumed primarily mysids (8 1%) and to a much lesser
extent shrimps (Decapoda, 9%) and rock sole (6%). Flathead  sole (N = 1) consumed only
bivalves (100%). Pacific halibut (N = 11) consumed shrimps (Decapoda, 94%). Yellowfin sole (N
= 38) had the most varied diet, consuming bivalves (45%)  polychaete worms (28%) and brittle
stars (Ophiuroidea, 18%). Rock sole (N = 4) ate bivalves (67%) and amphipods (28%). Different
bivalves were consumed by different flatfish species.

Bivalvia was the dominant taxon in the benthos in terms of numbers, biomass and
proportional importance (55%) (Table I-32, Figure I-30). Lesser importance was attributed to
gastropods (21%),  polychaetes (20%) and crustaceans (Amphipoda, 3% and Cumacea, 1%).

Percentage overlap between the indices of pIRI  of each two species, and between the index
of pIRI of each predator species and the index of proportional importance of the benthos, was
determined (Tables I-33 and I-34). We concluded that examinations of percentage overlap at the
taxonomic level of family (Table I-33) constituted an artificially inflated view of the similarity
between prey resources. The overlap, calculated using the most specific taxonomic level the
resource could be identified to (Table I-34) was a more accurate measure of the degree to which
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predators are competing for the same prey species. The highest diet similarity was between
yellowfin sole and the benthos (35%,  Table I-34). There.was  very little dietary overlap between
pairs of predators (O-12%, Table I-34). The largest overlap between predators at CS#37  was
between arrowtooth flounder and Pacific halibut (12%,  Table I-34).

5.4 Discussion

Arrowtooth flounder consumed primarily mysids in the present study as well as in studies
near Kodiak Island (Norcross et al., 1993). Flathead  sole, yellowfin sole and rock sole in the
present study relied heavily on bivalves. Near Kodiak Island, the diets of these predators included
more crustaceans (65-95%)  than bivalves (O-12%)  (Holladay and Norcross, 1995b). Pacific
halibut in the present study consumed primarily crustaceans in the taxon Decapoda. Age-O halibut
near Kodiak also consume crustaceans, but mysids and gammarid  arnphipods  are more important
than decapod shrimps near Kodiak (Holladay and Norcross, 1995a).  The differences in diet
between Kachemak Bay and Kodiak Island may be an artifact of the number and size of fishes
examined in Kachemak Bay. For example, the age-0 halibut examined here are larger than the
age-0 halibut examined in Kodiak. Holladay and Norcross  (1995a)  have identified an ontogenetic
shift in the diet of age-0 halibut as the predator increases in size. To make an accurate comparison
of diets between two regions, fish of similar size should be compared.

Diverse diet indicates opportunistic feeding (Kravitz et al., 1977)  and yellowfin sole
appeared to be the most opportunistic predator examined at this site. This may be an artifact of
the large number of yellowfin sole in relation to the number of other flatfishes examined.

The diets of most flatfishes were dissimilar to the available infauna. The levels of diet overlap
are very low compared with those found in Kodiak, where Holladay and Norcross  (1995b)  have
noted diet overlap between groups of flathead sole, Pacific halibut, yellowfin sole and rock sole
generally ranges between 30 and 50%.

These data, which represent a preliminary examination of the diets of juvenile flatfishes and
benthic taxonomy in-Kachemak Bay, are from a single collection site and time; they are therefore
of limited application and should be used only with caution.
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DISCUSSION

Nursery habitat characterizations

Nursery habitat was identified and characterized for the numerically dominant flatfishes, i.e.,
ages-0 and 1 flathead sole and ages-0 and 1 rock sole in both Kachemak and Chin&k  Bays, and
additionally age-0 Pacific halibut and age-l yellowfin sole in Chiniak Bay. When habitats in
Kachemak and Cbiniak Bays are compared with summer (August) habitats in other regions of
Southcentral Alaska, there appear to be regional differences in the physical parameters which
define habitats.

In Kachemak Bay, flathead sole habitat was defined primarily by depth and substrate; age-0
flathead  sole were found at 40-60 m depth and age-l flathead sole were found at 40-80 m depth.
Both ages of flathead  sole were on mixed mud substrates in Kachemak Bay, and age-l were also
Found on muddy sand. Although models of age-0 flathead  sole habitat around Kodiak (Norcross
zt al., 1997) and the Alaska Peninsula (Norcross et al., in review) include temperature, the
addition of bottom temperature to descriptions of ages-0 and 1 flathead sole habitat in Kachemak
Bay did not refine the definition of habitat from descriptions based solely on depth and sediment.
Depth and substrate were also used to describe flathead sole habitat in our survey for interannual
abundance in Chiniak Bay. In Chiniak Bay, age-0 flathead sole were found in regions O-85 m in
depth having O-92%  mud in the substrate; they were predominantly in depths >30  m and on
substrates of >35%  mud. Age-O flathead  sole habitat in eastern Kodiak is >40  m depth,
hroughout  bays, on mud or mixed mud substrate (Norcross  et al., 1995). Around Kodiak Island,
‘ige-0  flathead sole are found primarily in temperatures less than 8.9OC  on mixed mud substrates,
3r  they are collected in warmer temperatures regardless of substrate type when depth >48  m
(Norcross et al., 1997). Along the Alaska Peninsula, age-0 flathead  sole distribution is modeled on
:emperature and sediment, and age-l flathead sole distribution is modeled only on sediment
(norcross et al., in review). Flathead  sole are generally collected at 45-55  m depths, within bays,
n regions of about 9°C and 75% mud content (Norcross et al., in review). In  Sitkinak Strait, an
exposed  region near south Kodiak, depth is more important than sediment in defining distribution
If ages-0 and 1 flathead sole, and the largest catches of ages-0 and 1 flathead sole in Sitkinak
Strait  are relatively deep (75 m and 55 m respectively) (Chilton, 1997).

Habitat of ages-0 and 1 rock sole in Kachemak Bay was defined primarily by depth and
substrate. Both ages of rock sole in Kachemak Bay were in 10-30 m depths during the summer;
ige-0  rock sole were collected in depths to 150 m during the winter. In Kachemak Bay, both ages
If rock sole were found primarily on sand; age-l rock sole were additionally on larger and finer-
,yaincd  sediments. Although temperature and salinity help  define  habitat for age-0 rock sole
uound  Kodiak Island (Norcross et al., 1997),  these parameters were not selected in the models of
iges-0  and 1 rock sole along the Alaska Peninsula (Norcross et al., in review), and did not
jignificantly  improve the definition of rock sole habitat in Kachemak Bay over models based only
In depth and substrate. In Chiniak Bay, depth and substrate described age-0 rock sole habitat in
Dur  survey of interannual abundance variation. In Chiniak  Bay, age-0 rock sole inhabited regions
1-85  m in depth having O-100%  sand; they were predominantly found in depths <40  m and with
‘20%  sand in substrate. Age-O rock sole in eastern Kodiak inhabit regions of <50  m depth,
outside of or within bays, on sand or mixed sand substrates (Norcross et al., 1995). Around
Kodiak Island, age-0 rock sole are found on sand or muddy sand at temp >8.7”C  or at >32.1  PSU
when temp <8.7”C;  they are collected on other mixed sand substrates (gmS,  sG,  sM) when depth
:28 m (NOKI~OSS  et al., 1997). Alung the Alaska Peninsula, age-0 r oc;k  sole habitat is modeled on
‘depth  and sediment, and age-l rock sole habitat is modeled solely on sediment; both ages of rock
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sole are generally collected from 20-30 m depth, near bay mouths, in regions of 10-l 1°C and
approximately 70% sand content (Norcross et al., in review). In Sitkinak Strait, sediment type is
more important than depth for both ages of rock sole, and the largest catches of ages-0 and 1 rock
sole are on sand at 55 m and on gravelly sand at 20 m, respectively (Chilton, 1997).

Age-O Pacific halibut were not abundant in Kachemak Bay; thus habitat is described for this
species only for regions near Kodiak Island and the Alaska Peninsula. Depth and substrate
described age-0 Pacific halibut habitat in our survey of interannual abundance variation in Chiniak
Bay In Chin& Bay, age-0 Pacific halibut were collected in regions O-85 m in depth with O-l 00%
sand; they were predominantly in depths <30  m having >25%  sand in substrate. In eastern
Kodiak, age-0 Pacific halibut are in depths ~40  m, near or outside the mouths of bays, on mixed
sand substrate (Norcross et d., 1995). Around Kodiak Island, age-0 Pacific halibut are collected

at high abundances in depths <40 rn, at sites more than 2.9 km outside the mouth of a bay; they
are found in lesser abundances inside bays, in water >9.0°C  and on substrate containing both sand
and mud (Norcross et al., 1997). Along the Alaska Peninsula, age-0 Pacific halibut habitat is
modeled on temperature and sediment, with age-0 Pacific halibut generally collected at 20-30 m
depth, near bay mouths, in temperatures of 10-l l”C, on substrate with approximately 70% sand
content (Norcross et al., in review). Chilton (1997) reports that sediment is more important than
depth to age-0 Pacific halibut in Sitkinak Strait, where the largest CPUE of age-0 Pacific halibut
was in 20 m depth, on gravelly sand substrate.

Age-l yellowfin sole were abundant near Kodiak, hut not in Kachemak Bay, and therefore its
habitat is described only for regions near Kodiak Island and the Alaska Peninsula. In Chiniak Bay,
age-l yellowfin sole habitat was described based on depth and substrate in our survey of
interannual abundance variation. In Chiniak Bay, age-l yellowfin sole were collected in regions O-
45 m in depth (predominantly O-30 m) and with >20%  sand in substrate. In eastern Kodiak
Island, age-l yellowfin sole are in depths <40  m, in the upper reaches of bays, on mixed substrates
(Norcross et al., 1995). Around Kodiak Island, age-l yellowfin sole are always in depths <28  m
on mixed substrates; they are usually found within bays with the highest abundances at heads of
large bays more than 32 km from the mouth (Norcross et al., 1997). Along the Alaska Peninsula,
age-l yellowfin  sole habitat is modeled solely on depth, and yellowfm sole are generally collected
in depths of 20-30 m, within bays, on mixed sand (40-60%) and mud (35-55%) substrates. The
habitat of juvenile yellowfrn  sole is not described for the exposed regions of Sitkinak Strait.

The biological parameters (e.g., macrobenthos, flatfish stomach contents) ofjuvenile flatfish
habitat analyzed in the present study are limited to a single site, and thus can not be related to fish
abundance and distribution. Results of an ongoing CMI  project will help elucidate the importance
of stomach contents.

Seasonal distribution and abundance of flatfishes in Kachemak Bay

Examinations of juvenile flathead sole and rock sole in Kachemak Bay provided insight into
seasonal distribution and abundance, as well as species settlement and growth. Habitat of ages-0
and 1 flathead sole and age-l rock sole did not change seasonally. Age-O rock sole moved
offshore from summer depths of 1 O-30 m to winter depths to 150 m. This seasonal migration of
age-0 rock sole in Kachemak Bay could not be attributed to observed changes in bottom water
temperature and salinity.

Abundances of age-l flathead sole and age-l rock sole in Kachemak Bay were not
significantly different among spring, summer and winter or between the collection years of 1995
and 1996. Significantly more age-0 flathead  sole were caught in Kachemak Bay during 1996 than
199.5, and differences in summer abundances of age-0 rock sole during 1995 and 1996 could not
be rejected. Seasonal differences in abundances of age-0 flathead  sole and rock sole in Kachemak
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Bay were attributed primarily to time of settlement. In Prince William Sound, Alaska, the pelagic
larvae of flathead sole were abundant during May and June, but very low in abundance during July
(Norcross and Frandsen, 1996). In Kachemak Bay, age-0 flathead sole were probably absent from
our bottom trawls in May during 1995 and 1996 because they were still in the larval phase.
Additionally, it appears that age-0 flathead sole had not completely settled into a demersal phase
by August, since its abundances were higher in September 1994 than August 1995 and 1996.
Age-O rock sole were absent during May 1995, and in low abundance during May 1996. Sampling
was 19 days later in May 1996 than 1995, indicating that either rock sole begin to settle in mid-
May in Kachemak Bay or there is interannual variability in settling time.

Growth of flathead sole and rock sole was greatest from spring to summer, and was very
slow during winter. Temperature differences between years (1996 was warmer than 1995) were
positively correlated with growth only for age-l flathead sole. There were only slight differences
in bottom salinities within the study area and salinity was not a significant controlling factor for
growth or abundance. These results are in agreement with Malloy and Targett (199 l), who state
that temperature, but not salinity, tiizcts spatial distribution, feeding, growth, and survival of
juvenile summer flounder.

Interannual abundance of flatfishes in Chiniak Bay

The first survey in Alaskan waters of interannual variations in year-class size of age-0 and -1
flatfish  was reported here for the numerically dominant juvenile flatfishes in Chiniak Bay, i.e., age-
0 flathead sole, age-0 Pacific halibut, age-l yellowfin sole and age-0 rock sole. Interannual
variation in abundances of these four species were monitored over the six years (1991-1996) of
collection in Chiniak Bay. Habitat characteristics were incorporated into the survey design and
analysis methods for increased precision in abundance estimates. Abundance trends were species-
specific and statistical significance of trends varied among the three indices used to evaluate
interannual abundances.

A survey which incorporated a multi-year sampling design was used to monitor interannual
variation in flatfish abundance. The sampling design included (1) exploratory sampling to identie
flatfish  habitat (1991-I 994),  (2) sampling stratified by depth and substrate habitat parameters
(1995) with fixed sample allocation to determine cost of sampling and variability in fish
abundance, and (3) sampling stratified by depth and substrate, with sample allocation based  on the
cost of sampling and variability in fish abundance (1996). In most cases, stratification of sampling
by depth and substrate (1995 and 1996) increased the precision of species abundance estimates
over those of non-stratified sampling years (199 1-1994). The 1996 method of sampling on the
perimeters of the species spatial habitat range, in an effort to detect changes in interannual
abundances with low variability, did not increase the precision of estimates over stratified
sampling with equal allocation of samples to strata.

Three indices were calculated for each species to assess interannual variations in abundance:
(1) the mean abundance over nine fixed sites that were sampled in all six years, (2) the mean
abundance over all sites sampled in each of the six years and (3) the mean abundance over all sites
in regions of “preferred” or occupied habitat, identified specifically for each of the four species
and based on depth and sediment characteristics. The index calculated over nine fixed sites did not
reveal significant differences in abundance among years, but was a valuable reference to confirm
trends in abundance free from the possible confounding effect of regional sampling bias. The
index calculated over all sites showed the most significant changes in abundance over time for
rock sole and Pacific halibut, the species with the fewest zero catches. Annual abundance of rock
sole oscillated, and was lowest in 199 1 and 1993 and highest in 1992 and 1994. Pacific halibut
increased in abundance over the six years, exhibiting the lowest abundances in 1991 and 1993 and
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highest abundances in 1994 and 1995. The  index calculated over all sites in “preferred” habitat
discerned the most significant changes in abundance for flathead sole, which had a high number of
i:ero catches outside of preferred habitat, but exhibited high abundance and few zero catches
~8vithin  preferred habitat (> 30 m depth and O-40%  sand in substrate), Flathead sole increased in
abundance  from 1991 to 1992 and decreased in abundance thereafter. None of the three indices
discerned significant changes in annual abundance for yellowfin sole, which had the most zero
catches and exhibited relatively low abundances even within preferred habitat regions. Though not
: ignificant, all three indices showed an apparent decrease in abundance of yellowfin sole from

YY!  to 1996.

Comparison of groundfish communities in Kachemak and Chiniak
r3ays

Indices of relative abundance for all groundfishes caught during August 1995 and August
.996 in Kachemak and Chiniak Bays were analyzed in relation to the physical characteristics of
the capture sites. Species compositions were similar but species abundances were significantly
different between regions. Although interannual differences in temperature were recorded, these
c:hanges did not appear to have any effect on the abundance and distribution of fishes. Depth,
l,vhich varied significantly between the two locations, explained the differential patterns in
distribution and abundance. Depth at which groundfishes were collected in these two locations
divided the species into shallow-water (13-28 m Chiniak Bay; 26-56 m in Kachemak Bay) and
deep-water (44-60 m in Chiniak Bay; 57-86 m in Kachemak Bay) groupings. The shallow-water
lgoup  included rock sole, walleye pollock, Pacific halibut, Myoxocephalus  spp., Pacific cod,
77ellowfin  sole, Gyrnnocanthus  spp., sturgeon poacher, snake prickleback and sawback  poacher.
?he  shallow-water group, with the exception of sawback  poacher, was found in higher numbers at
CXiniak  Bay. The deep-water group included spinycheek starsnout, shortfin eelpout, slim sculpin,
!;pinyhead sculpin, and rex sole. The deep-water group was in higher or equal abundance in
Kachemak Bay than in Chiniak Bay. These proposed shallow and deep-water species groupings
are in agreement with an analysis of community structure of juvenile demersal fishes around
Kodiak Island (Muter and Norcross, in preparation).
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Table I-1. Environmental parameters selected by models of juvenile flaffish presence and abundance. DistBay =
distance within a bay: BayType  = open, closed or intermediate aspect of the bay. A dash (-) indicates
no model was attempted (after Table 4, Norcross  et al., in review).

Conceptual model CART fTIOdel Resource SeleCtiOn model
Species (based on presence; (based on abundance; (based on presence and abundance;

Norcross  et al., 1995) Norcross  et al., 1997) Norcross  et al., in review)

Arrowtooth flounder age-0 DistBay. Sediment

age-l No selection
Temperature, Sediment,

Flathead  sole age-0 Depth, Sediment Depth Temperature, Sediment

age-l Sediment
Depth, Sediment, DistBay, Depth, /

Pacific halibut age-0 DistBay Sediment j Temperature, Sediment

aae-1 Bav Tvce.  Sediment

Yellowtin sole

Rack sole

age-0

age-l

age-0

aae- l

Depth, Sediment, Depth, Sediment,
DistBay DistBay

Depth, Sediment, Sediment, Temperature,
DistBay Depth, Salinity

No valid model

Depth

Depth, Sediment

Sediment
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conductivity-temperatureaepth  recorder; x = sample collected ; l 1 = values for total sample only; l 2 = values for gravel, sand, and mud portions; TDR =

temperature depth recorder. 1

Chief
GPS (start Net C T D Substrate Substra te

Cruise Dates
scientist

Vessel and end tow beam vert ical (gra in (% volatile matter Benthos Additional gear

recorded) ON profile size) and % carbonate)

Kachemak Bay, southeast lower Cook inlet

Cl9401 24-30 Sep 94 Norcross 28 ft  Munsen skiff X 3.05 X X l 1 X n o n e

Cl9501 3-l 1 May 95 X 3.05 X X l 2 X n o n e

Cl9502 l-9 Aug 95 Abooki re 28 ft  Munsen skiff X 3.05 X X l 2 X TDR  on net

Cl9601 24 Feb-1 Mar 96 Abookire 28 ff  Munsen skiff X 3.05 X X l 2 X
TDR o n  net ;  Stowaway

TDRs  deployed
- .-..  - - ~  ~-~

Cl9602
I I

2 2 - 3 1  M a y  9 8 Abooki re 28 ft  Munsen skiff
Towed underwater  v ideo

, x , 3.05, ⌧ , ⌧ , l 2 , x ,
c a m e r a

ICI9604  / 7-19Aug  9 6 1 Abookire 1 28 ft  Munsen skiff 1 x 1 3.05 I x x ‘2 x I Stowaways retrieved 1

[Chiniak Bay, northeast Kodiak Island

,,,,s-1 X X

X X

X X3X X

n o n e 3.66 nom X n o n e

X none X n o n eNorcross

Norcross

Norcross

Norcross

Dressel

90 R  t rawler

24 fl  skiff,

1 outboard

25 R  Bos ton
Whaler ,  2
outboards

25 ft  Bos ton

Whaler ,  2
outboards

25 ft  Boston

Whaler ,  2
outboards

3.66

3.66

3.05

18-25  Aug 91

9-14 Aug 92

Kl9102

Kl9201

Kl9301 12-24Aug93

K19403

~--

Kl9502

8-19  Aug 94

31 Ju l -11  Aug 95

Kl9601 4- l  8  Aug 96

none X
Diver / t rawl  compar ison;
add i t i ona l  d i ve r  s ta t ions

nom

l 1

25 ft  Bos ton

Diver/lrawl compar isonn o n estart onll

X

I

3.05 ‘ I none Diver / t rawl  compar isonx I x
I

Towed underwater  v ideo
camera;  TDR on net

X1 X

____

3.05

- -

3.05

l 2X none

Towed underwater  v ideo

c a m e r a
l 2X

lzhut Bay, southern Afognak Island

Kl9501 24-28 Jul95 Norcross
22 ft skiff, 1

outboard
X 3.05 X X “ 2 none n o n e



Table l-3. Sediment classification by proportional grain size (after Folk 1980).

Classification ( Code ( % Boulder

Grain size (mm) B > 256
.~~- ._~.. .___

Grain size (Phi) -8 >  B

Boulder B 80~  B <I00

Cobbly boulder CB B>C
_. -

Gravelly boulder gB B>G

Cobble C B=O

Boulder-y cobble bC 0~ B ~20

Gravelly cobble clc B=O

Bouldery gravel bG 0~ B ~20
~~.

Cobbly gravel cG B=O
-~-

Gravel G B=O

Muddy gravel mG B=O

Muddy sandy gravel msG B=O

Sandy gravel sG B=O
.__.

Sand S B=O
~-~
Gravelly sand gs B=O

Gravelly muddy sand 9ms B=O

Muddy sand mS B=O
__~___

Mud M B=O

Gravelly mud gM B=O
-. .~.  .~~
Sandy mud sM -B = 0

-

L

% Cobble % Gravel % Sand + Mud % Sand % Mud
__~ ~-  - -_  ..--

256>  C >64 64>  G >2 2 ’ s ’ 0.07 0.07 ’ M

-8 < C < -6 -6 < G < -1 -1 <SC4 M>4

c <20 G ~20

20<  c 40 G<C

CcG 20~  G ~50

80~  C 400 G<C

80~  C 400 G<B

C>G G<C

CcB G>B
___..-

o< c -60 G>C

c = o 80~ G <I00 20>  S+M

c = o 30<  G ~80 70>  S+M 120 S<M M>S-
c=o-- 30< G <80 70~  S+M 220 ~-  s > IL/l M<S_ _  -~--.~-~
c = o 30~ G ~80 70>  S+M r20 S ’ 9(M) --9(M) < S

c=()  - - 0~ G ~5 lOO>  S+M a95 S ’ 9(M) 9(M) -Z S

c = o 5~ G ~30 95>  S+M a70 S ’ 9(M) 9(M) < S

c = o 5~ G ~30 95>  S+M 170 S>M M<S

c = o 0~ G ~5 lOO>  S+M >95 S>M M<S

c = o 0~ G ~5 lOO>  S+M >95 9(S) <:  M M ’ 9(S)

c = o 5~ G ~30 95>  S+M 170 SCM M>S
-.--~

c = o 0~ G ~5 1 OO>  S+M >95 S<M  ’ M’S



Table l-4. First total sample canonical correlation from canonical
discriminant analysis for presence and absence of all data
combined.

Parameter
Flathead  sole Flathead  sole Rock sole Rock sole

age-0 age-l age-0 age-l

I 0.670 I 0.553 1 0.617 / 0.964 1

I Sand 1 -0.428 / -0.162 1 -0.518 / -0.442 1

I Mud I 0.670 I 0.508 j 0.422 j 0.633 1

ITemperature 1 0.319 I 0.231 i 0.264 ( -0.088 1

Salinity -0.310 -0.089 0.305 I -0.013

Tide stage -0.322 -0.360 0.066 / -0.099

Daylight -0.081 0.053 0.391 / 0.201

rable l-5. Percent of stations per sampling period with both species present,
neither species present, only flathead  sole present, and only rock
sole present.

Flathead  sole
Season a n d

Flathead  sole Rock sole None Total #

Rocksole
only only present stations

Summer
(Sep  94)

19% 38% 38% ' 6% ! 16

Spring
(May 95) ‘%

42% 37% 21% 19

Summer
(Aug 95) 7%

54% 22% 17% 41

Winter
(Feb 96)

51% ' 10% 28% 10% 1 39

I
Spring

Way 96)
10% 46% 20% 2 4 % ! 41

Summer 1

Mug 96)
15% 56% 22% 7 % i 41

411  cruises 36 82 50 29 197
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Aug 95 41 12.57 0.0001

Aug 96 41 13.6 0.0001

Winter

1.04 0.4071

2.74 0.052

MC>KS
MC>BP
MC>CP

KS>MC
KS>BP
KS>CP
KS>HS

KS>MC
KS>BP
KS>CF

KS>HS

transects. The greater than sign (>)  denotes the transects with significantly greater bottom
temperatures and bottom salinities. An asterisk (*)  denotes the seasons where bottom
temperatures are significantly  different between transects (p < 0.05).

r- Bottom Temperature I I Bottom SalinityI L
N F P Significant N F P Significant

Spring

May 95

-May96

S u m m e r

1 9

4 1

BP>KS
6.39 0.0366 * BP>MC 1 9 0.96 0.4794

BP>CP

1.97 0.1448 4 1 1.21 0.3423

*

*

KS>MC
KS>BP
KS>CP
KS>HS

t

KS-MC
KS-BP
KS>CP
KS>HS

4 1

-.
CP<KS
CP<MC

4 1
cannot
reject

CP<BP
CPcHS

1 HS<BP

Feb 96 3 9 232 0.0001 l MC>HS
KS>CP
KS>HS
BP>HS

3 9 1.42 0.2595



Table l-7. Mean bottom temperatures + one standard error in 1996.
Data were collected by StowAway  temperature loggers at
stations MC20 and KSIOO.  N = number of data points
recorded. MC20 was significantly warmer than KS100
during all months (p < 0.0001).

I Date I N 1 MC20 / KS100 / TStat  1

126-29  Feb 96 1 100 1 3.47 5 0.01 1 3.03 f. 0.01 j 25.76 1

Mar 96 1240 3.78 + 0.01 3.49 + 0.01 68.71

Apr 96 1200 4.41 + 0.01 4.09 2 0.01 69.18

May 96 1240 5.77 2 0.01 5.18 f: 0.01 94.85

Jun 96 1200 7.30 2 0.01 6.33 2 0.01 133.39

Jul96 1240 6.98 L 0.02 7.78 + 0.01 95.86

1-14 Aug 06 643 9.73 + 0.01 9.02 % 0.01 74.21

ITable l-8. Correlation coefficients for temperature and depth on each transect
of each sampling period. A positive correlation indicates that
temperature increases with depth, and a negative correlation
indicates that temperature decreases with depth. A dash (-)

denotes transects that were not sampled. May 1995 values are
1 .OO for KS and BP transects because CTD data were available
from only two stations.

Transect  j (Sep 94) (May 95) (Aug 95) (Feb 96) (May 96) (Aug 96)
1 Summer 1 Spring ( Summer 1 Winter 1 Spring 1 Summer 1

1 KS / -0.44  / +I.00 / -0.95 j +0.58 1 -0.34 1 -0.66 1

iM C +0.26 -0.88 -0.88 / +0.04 -0.61 / -0.60

B P - +I  .oo -0.44 +0.63 -0.99 -0.72

CP - -0.92 -0.67 ~ +0.74 -0.79 / -0.75

HS - I - -0.59 I +0.89 -0.41 I -0.90
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Table l-9. Bottom temperature (“C) and salinity (PSU) ranges with presence of fish for each season and year. A dash
(-) denotes no fish were caught; ** denotes a significant (p 5 0.05) bottom temperature effect on fish
abundance; and * denotes a significant (p 5 0.05) bottom
temperature and salinity sampling ranges and means + one standard deviation are presented.

1 Summer 1 Spring I Summer ) Winter I Spring I Summer

Sep 94 May 95 Aug 95 Feb 96 May 96 Aug 96

Flathead  sole age-0 Temp. 9 5 9 . 7 7.8-8.8 1 .O-3.6 8.7-9.6

Salinity 30.3-30.8 - 31 .o-31.4 21.8-31.9 - 31.3-31.6

Flathead  sole age-l Temp. 9.5-9.7 3.9-4.2 7.9-9.8 * 1 .o-3.5 5.0-5.8 8.7-9.6

Salinity 30.3-30.8 31.7-31.8 31 .o-31.4 21.8-31.9 31.8-32.0 31 J-31.6

Rock sole age-0 Temp. 9.2-9.8 ** - 9.3-l 0.1 0.9-3.6 ** 5.7-6.9 ** 9.2-l 0.3

Salinity 30.3-30.7 - 28.4-31.3 21.8-31.9 31 .o-31.9 29.3-31.7

Rock sole age- l Temp. 9.2-9.7 4.1-4.6 8.2-l 0.1 1 .o-3.5 5.0-7.1 ** 9.2-l 0.3

1 Sal in i ty  1 30.3-30.6 1 31.4-31.8 1 28.4-31.3 1 31.4-31.9 1 30.8-32.2 * 1 29.3-31.6

Temperature sampling range 9.2-9.8 3.8-4.7 7.8-I 0.1 0.9-3.6 5.0-7.1 8.6-l 0.3

Temperature mean f. SD 9.6 + 0.1 4.2 + 0.3 8.7 2 0.7 2.3 + 0.8 5.6 + 0.5 9.6 f. 2.7

Salinity sampling range 1 30.3-30.8 1 30.4-33.8 1 28.4-31.4 1 21.8-31.9 1 30.8-32.2 1 29.0-31.6

Salinity mean + SD



Spring

May 95

Summer

May 96 0.9935

[ep 94

1Aug95

Aug 96 <0.0001 415 <0.0001 233 <0.0001 832 0.1068 176

Aug 96 0.0001 178 <0.0001 117 <0.0001 490 0.0007 117

I-10. Interannual differences in mean length of flathead  sole and rock sole. No age-0 flathead  sole or
rock sole were captured in May 1995.

YearA

t

Year B Flathead  sole age-0 Flathead  sole age-l Rock sole age-0 Rock sole age-l

P df P df P 1 df P / df

349 ’ - ‘I - < 0.0001 I183

1 566 1 1 -444 1 0.0004 0.2983 143

‘-able I-1 1.  Mean total length (mm) + one standard deviation for the 1994, 1995, and 1996 year classes

(mean length increase between sampling periods, in mm), and the rate (mm/day) of length
increase per day.

‘I 994 Year class Sept 94 age-0 May 95 age-l Aug  95 age-l Feb 96 age-l

Flathead  sole 40.9 + 4.5 ( (20.3) 61.2 2 7.0 / (21.8) 83.0%  11.1 / (24.5) 107.5 + 20.8

1 0.09 j 1 0.24 / / 0.12 /

Rock sole 1 48.Ot8.8  ( 1 3 . 7 )  61.7+10.2  ( 4 9 . 6 )  111.3+  1 3 .  ( 6 . 8 )  1 1 8 . 1  -+I69

1rim/day 0.06 0.55 0.03

1 ‘I 995 Year class : Aug 95 age-0 Feb 96 age-0 May 96 age-l 1 Aug 96 age-l

1 Flathead  sole ’ 36.224.4  / (15.7) / 51.9 27.2 1 (9.3) / 61.2 + 7.8 1 (27.3) / 88.52  15.2 1

1 I nmiday

1 IRock  sole

1 mm/day

4996  Year class / May 96 age-0 Aug  96 age-0 ’

IFlathead  s o l e  / none 33.1 t4.3 I

I 1 0.08 / j 0.11 1 / 0.35 / I

/ 45.02  5.5 1 (14.3) 1 59.328.5  1 (14) 1 73.3 + 8.0 / (29.7) / 103.022.7  1

I 0.07 I I 0.16  i I -ii38 1 --I

rim/day

-?ock  sole

[ nrn/day

16.6 2 2 . 1 (14.3) 30.9 2 5.5

0.18
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Table l-12. Differences in mean length increase per day with 95% upper and lower confidence
interval limits as estimated with the bootstrap statistic. The symbol * denotes 95%
confidence intervals which do not contain zero, denoting that the time periods tested are
significantly different from each other. See Table l-l 1 for actual means (mm) and mean
length increase per day (mm/day).

Lower 95% confidence limit Mean
(mm/day) Upper 95% confidence limit

Seasonal scale

1994 YC Sept 94 age-0 May 95 age-l vs. Aug 95 age-l Feb 96 age-l

Flathead  sole 0 .01 0.03 0.05 *

Rock sole -0.08 -0.03 0 .01

1994 YC May 9 5 age-l Aug 95 age-l vs. Aug 9 5 age-l Feb 9 6 age-l

Flathead  sole 0.09 0.12 0.16 -

Rock sole 0.45 0.52 0.59 -

1994YC
Flathead  sole

Rock sole

Sept 9 4 age-0 May 95 age-l vs. May 9 5 age-l Aug 9 5 age-l

0.13 0.15 0.18 -

0.43 0.49 0.55 *

1995 YC

Flathead  sole

Rock sole

Aug 9 5 age-0 Feb 96 age-0 May 9 6 age-l Aug 9 6 age-l

0.24 0.27 0 .31 *

0.25 0 .31 0.36 -

1995 YC

Flathead  sole

Rock sole

Aug 9 5 age-0 Feb 96 age-0 vs. Feb 9 6 age-0 May 9 6 age-l

-0.01 0.03 0.06

0.05 0.09 0.13 *

1995 YC Feb 9 6 age-0 May 96 age-l vs. May 9 6 age-l Aug 9 6 age-l

Flathead  sole 0.18 0.24 0.28 *

Rock sole 0.16 0.22 0.28 -

Interannual scale

May 9 5 age-l Aug 95 age-l vs.

Flathead  sole 0.06 0.10

Rock sole 0.10 0.18

Sept 9 4 age-0 May 95 age-l vs.

Flathead  sole -0.02 -0.01

Rock sole 0.02 0.04

Sept 94 age-0 Aug 95 age-l V S .

Flathead  sole -0.01 0 .01

Rock sole -0.07 -0.05

May 96 age-l Aug 96 age-l

0.15 -

0.28 -

Aug 95 age-0 May 96 age-l

0 .01

0.05 l *

Aug 95  age-0 Aug 96  age-l

0.02

-0.03 *

Age-0 vs. age-l

Aug 95 age-l Feb 96 age-l vs. Aug 95 age-0 Feb 96 age-0

Flathead  sole -0.07 -0.04 -0.02 -

Rock sole -0.01 0.04 0.08

May 9 6 age-l Aug 96 age-l vs. May 9 6 age-0 Aug 9 6 age-0

Rock sole -0.26 -0.20 -0.14 *
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912102201 27.8 49.0 0.0 1.6

912102301 96.4 6.5 0.0 9.8

912102401 18.0 0.0 00 4

912102b01 88.2 0.0 0.0 b.1

912102601 4.9 0.0 0.0 0.0

912102701 0.0 0.0 i0 00
OA r fl Ii A

912103501 47.0 0.0 0.0 0.0

912103601 1568 65 O0 U_U

912103701 0.0 0.0 0.0 0.0

912103801 116.0 1.6 1.6 19.6

912103901 6R8 00 00 40.8

912104001 0.0 12.3 0.0 0.0

912104101 0.0 U. U 0.0 U. U

912104201 52.3 0.0 4.9 3.3

912200101 0.0 0.0 7.9 0.0

Table l-13. Catch-per-unit-effort (numberoffish per 1000 m2)values from 1991-1994
sampling in Kalsin and Middle Bays. The station code identifies the
specific tow; i.e., 912100103 indicates year = 1991, region = 2 (Kodiak),
cruise number = 1 in that region during 1991, the consecutive station
number = 001, and the tow number = 03 at that station during that cruise.

Station code 1 Rock sole 1 Pacific halibut 1 Flathead sole 1 Yellowfin sole
1 9 9 1
912100103 130.7 0.0 0.0 8.2
912100202 99.6 16.3 0.0 13.1
912100502 6.5 0.0 0.0 6.5
912100602 0.0 0.0 0.0 0.0
912100701 166.6 4.9 0.0 45.7
912100802 49.0 1.6 0.0 62.1
912100901 18.0 8.2 0.0 35.9
912101001 63.7 16.3 0.0 34.3
912101101 1.6 0.0 0.0 0.0
912101201 0.0 0.0 0.0 0.0
912101302 13.1 4.9 0.0 18.0
912101401 104.5 11.4 0.0 132.3
912101501 49.0 4.7 4.7 51.3
912101601 39.2 3.3 0.0 6.5
912101701 14.7 3.3 0.0 0.0
Ql3lnlRnl-.-.-.-.,. 39.2 6.5 0.0 6.5
~912101901 57.2 4.9 0.0 50.6
912102001 0.0 0.0 0.0 0.0
912102101 0.0 0.0 0.0 0.0

912103001 39.2 0.0 3.3 52.3
912103101 7.3 0.0 3.6 43.6
912103201 88.2 9.8 0.0 75.1
912103301 13.1 0.0 0.0 1.6
912103401 65.3 3.3 0.0 0.0

~912200102 0.0 0.0 26.2 0.0 I
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Table l-13. Continued.

Station code Rock sole Pacific halibut Flathead  sole Yellowfin sole
912200201 14.4 0.0 0.0 0.0
912200301 2.0 0.0 3.3 0.0
912200401 1.3 0.0 28.8 7.2

912200501 70.0 0.0 0.0 3.9
912200601 0.0 0.0 3.9 0.0
912200701 0.0 0.0 0.7 0.0
tQ12200802  1 2.6 / 0.0 0.7 1
912200902 0.7 0.0 12.4 0.0
1992

'922100101 1.6 0.0 0.0 0.0
922100201 0.0 0.0 0.0 0.0

922100301 0.0 0.0 0.0 0.0
922100401 0.0 3.3 19.6 0.0
922100501 3.3 0.0 0.0 0.0
922100602 0.0 0.0 481.9 0.0
922100701 0.0 0.0 1.6 0.0
922100702 4.9 1.6 0.0 0.0
922100703 0.0 0.0 0.0 0.0
922100801 150.3 9.8 0.0 1.6
922100802 80.0 3.3 0.0 3.3
922100803 161.7 16.3 0.0 1.6

922100804 179.7 6.5 0.0 3.3
922100901 307.1 26.1 29.4 6.5

922101001 124.1 21.2 0.0 0.0
922101201 316.9 14.7 3.3 16.3
922101301 26.1 4.9 0.0 3.3
922101401 I 165.0 1 18.0 I 0.0 I 4.9 I
922101402 227.1 3.3 0.0 4.9
922101403 253.2 8.2 0.0 1.6
922101404 238.5 16.3 0.0 4.9
922101501 300.6 0.0 0.0 0.0
922101601 / 107.8 I 0.0 I 0.0 I 0.0 I

922101702 650.1 49.0 0.0 4.9
922101801 463.9 37.6 0.0 6.5
922101802 387.1 27.8 1.6 40.8
922101803 385.5 35.9 3.3 55.5
922101804 405.1 49.0 0.0 52.3
922101901 11.4 0.0 0.0 0.0
922101902 276.1 1.6 0.0 0.0
922101903 13.1 0.0 0.0 0.0
922101904 0.0 0.0 0.0 0.0

922102101 19.6 18.0 0.0 0.0
1993
932100201 0.0 1.5 0.0 9.0
932100302 0.0 0.7 0.7 0.7
932100401 0.0 0.7 0.0 0.0
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932101502 0.0 0.0 0.0 0.0
932101601 81.4 44.8 0.0 6.0
Q')lfl17flI AV .V .t J u.0 V

932101901 67.2 10.5 0.0 48.5
932102001 0.7 0.0 0.0 0.7

.1LJZ1U1 0,0 0.0 0.0
932102201 26.1 0.7 0.0 1.5
932102301 23.9 0.0 3.0 1.5
932102401 0.0 0.0 124.0 0.0
932102501 0.0 0.0 103.8 0.0
932102601 1 .5 0.0 77.7 00

Table I-13. Continued.

Station code Rock sole Pacific halibut Flathead  sole Yellowfin sole
932100501 0.0 0.0 0.0 0.0
932100601 2.2 0.7 0.0 6.7
932100701 0.0 0.0 0.0 0.0
932100801 0.0 0.0 23.2 0.0
932100901 0.0 0.0 0.7 0.0
932101101 39.6 0.0 0.0 0.7
9 3 2 1 0 1 2 0 1 2.2 0.0 2.2 0.0
932101301 0.0 0.0 48.5 0.0
932101401 0.0 0.0 1.5 0.0

9 3 2 1 0 2 7 0 1 20.2 9.7 0.0 1.5
932102702 0.0 2.2 0.0 0.0
932102703 18.1 4.4 0.0 0.0
932102801 31.8 8.7 0.0 4.4
932102802 9.3 4.4 0.0 0.0
932102803 40.3 17.2 0.0 1.5
932102804 6.7 12.0 0.0 0.0
932102901 108.3 6.7 0.0 3.7
932102902 206.1 6.0 0.0 12.7
932102903 89.7 1.2 0.0 0.0
932102904 147.0 6.8 2.5 26.2
932103001 23.7 1.9 0.0 0.6
932103002 18.7 0.6 0.0 0.0
932103003 44.8 1.5 0.0 0.0
932103004 22.4 0.0 0.0 0.0I

11994
I

942300101 0.0 12.8 0.0 0.0
942300201 4.9 8.1 0.0 0.0
942300301 0.0 7.6 0.0 0.0
942300401 4.4 5.9 0.5 0.0

942300501 128.2 39.9 0.0 1.2
942300601 66.1 10.2 0.0 0.0

1942300602 I 115.1 I 32.5 I 0.0 I 0.0 I
942300603 215.3 47.6 0.0 5.0
942300604 101.6 30.5 0.0 5.1
942300605 170.2 25.0 0.0 2.5
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942300614 141.8 16.7 0.0 2.1

942300701 62.2 15.6 0.0 0.0
942300801 71.5 20.6 0.0 0.9
942300901 147.0 20.6 0.0 0.0
942301004 90,4 2.7 5.5 0.0
QkYflh1fl1 A An n' I .1

Table I-13.  Contirmed.

Station code / Rock sole 1 Pacific halibut 1 Flathead  sole / Yellowfin sole

942300606 142.3 35.6 0.0 5.1

942300607 177.7 42.6 0.0 5.0

942300608 127.0 27.9 0.0 5.1

942300609 82.4 17.3 0.0 2.2
942300610 31.3 10.4 0.0 0.0
942300611 91.8 18.8 0.0 0.0
942300612 166.9 26.0 0.0 6.5
1942300613 1 158.2 / 23.8 I 0.0 I 4.3 I

942301204 261.5 20.1 0.0 0.0
942301206 348.7 33.5 0.0 4.5
942301207 615.9 58.0 0.0 24.9
942301208 303.8 49.7 2.8 30.4
942301209 460.4 29.1 0.0 4.5
942301210 433.6 40.2 0.0 0.0
942301211 207.1 22.1 0.0 41.4
942301212 395.0 44.2 0.0 19.3

942301213 I 540.9 II , 55.9 0.0 8.9

942301214 4537 I 33.5 0.0 0.0
AA3 no 34 Q

- .--- ._. . .--..
942301215 342.5 . ..- -.- - ..-

942301301 1.2 0.0 0.0 0.0
942301303 5.4 0.0 00 00

942301403 0.0 0.0 0.0 0.0
942301501 0.0 0.0 0.0 0.0
942301601 0.0 0.0 21.4 0.0
942301701 53.0 1.6 0.0 0.0

942301801 370.5 12.3 0.0 0.9
942301901 0.7 0.0 9.2 0.0
942302001 0.0 0.0 1.9 0.0

942302101 0.0 0.0 8.8 0.0
942302401 0.0 0.0 0.7 0.0

942302501 1 .o 0.0 21.6 0.0

942302502 0.0 0.0 5.9 0.0
1942302601 1 0.0 I 0.0 I 98.8 1 0.0 I
942302602 0.0 0.0 18.3 0.0

942302701 57.4 0.0 0.0 0.0
942302901 1.4 4.3 0.0 0.0
942303001 27.6 0.0 5.5 0.0
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1995
stratum Bay Depth (m)

Sediment
(% sand)

Number of
1995 tows

KMO Middle Bay 0-5 91 00 3

Kalsin Bay 0-5 91-1 00 3

KM5 Middle Bay 5-10 91-1 00* 3

k',,Iein On, A 1 _I nflfuI,,uIu IJU, ,.,- I I I - I VU

KM1 0 Middle Bay 10-20 51-90 3

Kalsin Bay 10-20 51-90 3

MB2O Middle Bay 20-30 90-100 3

KB2O Kalsin Bay 20-30 51-90 3

KB22 Kalsin Bay 20-30 0-50 3

KB3O Kalsin Bay 30-40 0-50 3

MB5O Micldte Bay 50-60 50-90 3

L.,I.;.. enrL1u \dIIII JU
KB7O Kalsin Bay 70-80 0-50 2

Total 38

Table l-14. 1995 stratum classification by depth and sediment
parameters, and 1995 allocation of samples among
strata. Stratum codes denote bay (KM = Kalsin and
Middle Bays, KB = Kalsin Bay, MB = Middle Bay) and
depth range (0 = 9-5 m, 5 = 5-10  m, 10 = 10-20 m, 20
= 20-30 m on high sand sediment, 22 = 20-30 m  on low
sand sediment, 30 = 30-50  m,  50 = 50-70 m, 70 = 70 m
and deeper). The asterisk (*) denotes a region of
variable sediments; its sediment classification is based
on 1991-1995 measurements.
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952200201 2 99 KBO 82.9 3.8 0.0 13.6

952200301 3 96 KBO 240.9 60.2 0.0 5.8

97 KB5

KB5
VD

141.7

148.8
II')

55.7

71.3
)

nfl
0.0

34
11.4
,IA

952200401 6

952200402 7
7 cii 'ci i. U

952200501 5 75 1.5 28.9 0.0 0.7

952200601 6 29 MB5 5.1 20.5 0.0 00
952200701 7 91 MB5 5.2 20.8 0.0 0.0

952200801 3 98 MBO 12.6 34.7 0.0 0.8

952200802 3 98 MBO 59.8 29.5 0.0 3.3

952200803 3 98 MBO 22.0 42.3 0.0 0.8

952200902 13 66 KB1 0 69.4 32.4 0.0 0.0

952200901 13 KRI 0 2&17 1012 0.0 20. g

952201001 12 52 KB1 0 114.8 34.4 0.0 5.1

952201801 23 64 K520 40.4 0.0 0.0 4.6
nr-r44 r44 -7,' I-nfl,' 44 4 -, C

Table l-15. Catch-per-unit-effort (number of fish per 1000 m’)  values from 1995 sampling in Kalsin and
Middle Bays with associated depth and sediment measurements and stratum classification (see
Table l-14 for definition of 1995 stratum classification by depth and sediment parameters). The
station code identifies the specific tow; i.e., 952200101 indicates year = 1995, region = 2
(Kodiak), cruise number = 2 in that region during 1995, the consecutive station number = 001,
and the tow number = 01 at that station during that cruise.

Station code Predominant % sand in 1 9 9 5 CPUE
wue wut wut

depth (m) substrate stratum rock sole Pacific flathead yellowfin
halibut sole sole

952200101 2 94 K B O 43.7 5 . 2 0 . 0 0.0

952202001 22 53 KB20 87.7 2.5 3 . 7 46.9

952202101 67 11 KB70 0.0 0.0 16.7 0.0

952202102 68 11 KB70 0 . 0 0.0 14.6 0.0

952202201 12 65 MB10 11.0 20.2 3 . 7 0.0

952202202 13 65 MB10 155.3 71.6 0 . 0 13.7

952202203 1 1 65 MB10 99.9 36.2 0 . 0 1 . 7

952202301 5 2 5 3 MB50 0.0 0.0 57.4 0.0

952202302 55 53 MB50 0 . 0 0.0 1 3 . 1 0.0

952202304 53 53 MB50 2.9 0.0 54.8 0.0

952202401 24 97 MB20 359.4 44.1 0 . 0 0.0

952202402 24 97 MB20 360.0 46.4 0 . 0 0.0

952202403 25 97 MB20 247.1 17.0 1.3 00

952202501 5 4 1 8 KB50 0.0 0.0 35.2 0.0

952202502 57 18 KB50 2.2 0.0 20.8 0.0

952202503 53 18 KB50 0.0 0.0 9 . 5 0.0

952202601 3 2 2 3 KB30 0.0 0.0 26.1 0.0

952202603 33 23 KB30 0.0 0.0 11.3 0.0

952202604 34 23 KB30 0 . 9 0.0 6.6 0.0
I 1 , , I I I

952202701 1 24 I 29 I KB22 / 43.6 1 5.4 12.7 7.3

952202702 27 29 KB22 7.8 1 . 9 7 . 8 0.0

952202703 27 29 KB22 0.0 0.0 1 . 3 0.0
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Table l-l 6. 1995 mean catch-per-unit-effort (number of fish per 1000 m2) and associated variances with and without stratification.

Depth % Sand

Stratification by depth and sediment

Kalsin and Middle O-5 m 90-l 00%

Kalsin 5-10 m 90-l 00%

Middle 5-10 m 50-90%

Kalsin and Middle 1 O-20 m 50-90%

Kalsin and Middle 20-30 m 50-90%

Kalsin 20-30 m O-50%

Kalsin 30-50 m O-50%

Middle > 30 m 50-90%

Kalsin 50-70 m O-50%

Kalsin > 70 m O-50%

IStratification Overall

INo stratification Overall

Mean CPUE Variance

Rock sole
Pacific Flathead  Yellowfin

Rack sole Pacific Flathead Yellowfin
halibut sole sole halibut sole sole

56.9 24.3 0.0 3.6 1346.3 211.2 0.0 21.4

134.4 60.0 0.0 6.4 245.5 65.0 0.0 12.9

3.2 20.5 0.0 0.2 3.0 59.8 0.0 0.1

57.1 22.9 0.2 3.5 2426.1 327.2 0.2 19.6

92.1 9.9 0.4 5.0 5229.7 88.2 0.5 70.7

5.7 0.8 2.4 0.8 39.9 0.6 2.4 1.3

0.2 0.0 7.4 0.0 0.1 0.0 16.3 0.0

0.5 0.0 20.9 0.0 0.5 0.0 103.0 0.0

0.2 0.0 7.3 0.0 0.1 0.0 12.2 0.0

0.0 0.0 7.8 0.0 0.0 0.0 0.3 0.0

39.0 13.6 2.3 2.3 49.3 4.0 0.2 0.7

43.9 15.4 3.5 2.5 8 9 . 4 10.3 1.2 0.6



1rable I-1 7. 1996 stratum classification by depth and sediment parameters, species
to be monitored within respective stratum and allocation of samples
among strata.

1996 stratum Species to Sediment Number o
monitor Bay Depth  (m)  (% sand) 1996 tows

Pacific halibut
1 flathead  sole Kalsin and Middle < 30 040 4

yellowfin  sole

2
flathead  sole
yellowfin sole Kalsin and Middle < 30 41-80 13

3
flathead  sole
yellowfin sole Kalsin and Middle < 30 81-100 13

rock sole

4 Pacific halibut
flathead  sole Kalsin and Middle > 30 O-40 7

yellowfin sole

5 yellowfin sole Kalsin and Middle > 30 41-80 2

All strata 1 39
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Station code

dunng that ;se.

Predominant % sand in 1996 CPUE
CPUE CPIJE CPIJE
Pacific tlathead yellowfln

962100102 3 97 3 197.6 7.3 0.0 16.0

962100201 3 99 3 56.5 2.3 0.0 7.7

aepin m, 5uDsUae saturn FUK sute
halibut sole sole

962100301 4 99 3 29.3 9.5 0.0 5.6

962100401 5 98 3 35.2 7.8 0.0 6.3

4'4 0 1 7 rr

962100702 57 22 4 0.0 0.0 0.0

962100802 36 20 4 138.4 0.0 0.0 0.0

962100803 36 20 4 112.4 0.0 9.7 0.0

962102101 54 60 5 20.8 0.0 0.0 0.0

962102103 57 43 5 0.0 0.0 6.7 0.0

flOfl4 fl'Vfl4 I Q 7 fin fin

962102502 13 68 2

254.4

0.0

29.7

1.6

0.0

0.0

0.0

0.0

VL I JLLU P LI

997962102402

962102601 3 85 3 6.4 18.3 0.0 0.8

962102701 76 15 4 0.0 0.0 6.4 0.0

962102702 75 15 4 0.0 0.0 3.4 0.0

062102801 14 86 3 164.4 63.2 0.0 1.6

962102901 7 99 3 22.3 15.8 0.0 0.0

Iki74L'M''I4'1'
;jj
32

i94.2

125.0

0.0

0.0 1.4

2.5

0.0

21921 03002

27962103003

962103005 28 32 429.0 0.0 6.1 2.4

962103201 18 76 2 165.8 0.0 0.0 24.2

962103301 23 96 3 126.9 20.4 0.0 11.7

962103401 14 65 2 201.5 33.8 0.0 29.2

962103601 7 99 3 61.3 4.7 0.0 5.5

1z V. I V.0

962103802 14 44 2 41.6 0.0 0.0 0.0

962103902 4 99 3 17.4 73.6 0.0 1.9

962104001 8 85 2 9.2 36.1 0.0 0.0

962104002 8 86 2 16.0 20.3 0.0 0.8

962104003 7 77 2 5.1 36.5 0.0 0.0

Bays with associated depth and sediment measurements and stratum classification (see Table l-l 7 for
definition of 1996 stratum classification by depth and sediment parameters). The station code identifies

996, the consecutive station number = 001, and the tow number = 0 2 at that station

982104401 2 0 40 2 205.9 0.0 I I . 2 2.5

962104501 I6 7 1 2 40.3 0.7 0.0 23.4

962104601 I5 5 1 2 25.3 1 0 . 1 0.0 5 . 1

982104701 2 1 4 1 2 442.8 8.9 0.0 30.6
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Table I-19. Mean catch-per-unit-effort (number of fish per 1000 m2),  variance and coefficient of variation (Cv) statistics for 1996 data in Katrin  and Middle  Bays  across the sebcted
monitoring strata for each SpeCieS  and across all strata. A dash (-) denotes where abundance was 0 and therefore CV could net  be calculated.

1996 Rock sole Pacific halibut Flathead  sole Yellowfin sole

stratum Bay Depth %  Sand Mean Var iance CV Mean Var iance CV Mean Varirnce  CV Mean V a r i a n c e  CV

Depth  and sediment stratification -selected strata

1 Kalsin and Middle 0 - 3 0 m &39% 0.0 0.0 4 . 1 61 0.60 2.2 2.7 0.74

2 Kalsin and Middle 0-30m 40-79% 1.7 181 2.44 8.9 160.6 1.42

3 Ka ls in  and  M idd le 0-30m  80-100% 0.0 OD - 4 . 4 25.? 1.16

4 Ka ls in  and  M idd le >30m o-39% 35.8 3500.4 1.72 0.0 0.0 - 4.9 9D 0.61 0.0 0.0 -

5 Ka ls in  and  M idd le >30m 40-79% 0.0 0.0 -

Iepth  and sediment stratification -all strata

1 Ka l s i n  and  M idd le 0-30m 039% 354.1 24248.4 0.44 0.0 0.0 - 4 . 1 61 0.60 2.2 2.7 0.73

2 Ka ls in  and  M idd le 0 - 3 0 m 40-79% 101.7 16486.3 1.26 12.2 212.6 1.19 1.7 ial 2.44 8.9 160.6 1.42

3 Kalsin and Middle 0-30m  a o - 1 0 0 % 94.6 6146.2 0.83 22.7 486.9 0.97 0.0 03 - 4 .4 25.7 1.16

4 Ka ls in  and  M idd le >30m o-39% 35.8 3800.4 1.72 0.0 0.0 - 4.9 9 . 1 0.61 0 . 0 0.0 -

5 Ka ls in  and  M idd le >30m 40-79% 10.4 215.9 1.41 0.0 0.0 - 3.3 2 2 3 1.41 0.0 0.0 -

elected strata overall 36.8 641.9 0.65 0.0 0.0 - 2.1 0.7 0.39 6.5 3.7 0.35

ill strata overall 112.6 466.9 0.20  6.4 6.1 0.27 2.4 0.3 0.40 5.6 3.7 03



Table I-20. Coefficients of variation (CV)  calculated from three consecutive sampling schemes (1996 CV are
calculated over selected strata and over all strata). A dash (-)  denotes where abundance was 0 and
CV could not be calculated.

fear Stralification  method

1993 Nonstratified exploratory sampling

1995
Stratified by depth and sediment,
fixed allocation of samples

1996
Stratified by depth and sediment,
samples from selected strata

1996
Stratified by depth and sediment,
samples from all strata

-

Rock sole Pacific halibut Flathead  sole Yellowfin sole

0.253 0.324 0.457 0.445

0.180 0.146 0.205 0.354

0.650 0.390 0.350

0.196 0.267 0.399 0.350



Table 1-21. Catch-per-unit-effort (number of fish per 1000 rn2) values from nine
permanent sites sampled 1991-1 996.

Year lermanent
site #

Rock sole Pacific halibut Fiathead sole Yellowfin sole

1991 1 1.6 0.0 0.0 0.011 9 gnQ-
1991 3 116.0 1.6 1.6 19.6
1991 4 0.0 0.0 23.3 0.0
1991 5 130.7 0.0 0.0 8.2
1901 6 99.6 16.3 0.0 13.1
1991 7 0.0 0.0 0.0 0.0
1991 8 166.6 4.9 0.0 45.7

v.v I ,

1992 1 1.6 0.5 0.5 0,0
1992 2 139.2 11.4 0.0 2.0
1992 3 307.1 26.1 29.4 6.5
1992 4 - 0.0 0.0 481.9 0.0 -

1992 5 107.8 0.0 0.0 0,0
1992 6 26.1 4.9 0.0 3.3

7 .l'i -
I I U. U

1992 8 410.4 37.6 1.2 38.8
1992 9 650.1 49.0 0.0 4.9
1993 1 8t4 44.8 0.0 60
1993 2 18.1 8.4 0.0 1.0
1993 3 396 0.0 0.0 0.7
1993 4 0.0 0.0 48.5 0.0
1QQ. fl7v.I I)., I.;:
1993 6 14.9 0.0 0.0 0.0
1993 7 27.4 1.0 0.0 0.2
193 8 137.8 5.2 0.6 10.6
193 9 2.2 0.7 0.0 6.7
1994 1 0.0 7.6 0.0 0.0
1994 2 2.4 10.4 0.0 0.0
baA u.J I.L
1994 4 0.0 0.0 8.8 0.0
1994 5 62.2 15.6 0.0 0.0
1994 6 7t5 20.6 0.0 0.9
1994 7 127.7 26.1 0.0 3.1
1994 8 404.1 38.9 0.2 16.3
19g4 9 57.4 0.0 0.0 0.04r .1 ) .0 ,0.0 U.t.)

995 2 2.4 0.0 0.2
1995 3 322.2 35.8 0.4 0.0
1995 4 1.0 0.0 41.7 0.0
1995 5 43.7 52 0.0 0.0
1995 6 82.9 3.8 0.0 13.6
1995 7 134.4 60.0 0.0 6.4
mar a ..,r .4 -0 IOU. I 00.0 Ut.) 1U.
1995 9 40.4 0.0 0.0 4.8
1996 1 17.4 73.6 0.0 1.9
1996 2 10.4 31.0 0.0 0.3
1006 3 125.3 23.7 0.0 0.0
1996 4 10.4 0.0 3.3 0.0
1996 5 197.6 7.3 0.0 16.0
1oo rr 0.0
1996 7 126.9 20.4 0.0 11.7
1996 8 201.5 33.8 0.0 29.2
1996 9 165.8 0.0 0.0 24.2
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Table l-22. Summary of physical characteristics measured at the two
years. Standard deviation (sd)  is presented in parentheses.

N Depth (from fish tows)

Mean Depth (m) (sd)

Chiniak 95 Chiniak 96 Kachemak 95 Kachemak 96

46 43 49 42

23.9 (18.8) 24.3 (20.5) 59.9 (34.9) 56.7 (33.1)

Depth Range (m) 1.7-68.0 2.5-76.0 4.0-l 47.0 4.0-I 42.0

N CTD Casts 39 3 4 4 5 4 2

Mean Temperature CC) (sd) 8.99 (1 .l) 10.03 (0.7) 8.59 (0.8) 9.22 (0.4)

Temperature Range (“C) 7.34-l 1.38 8.41-11.64 6.96-10.06 8.62-10.32

Mean Salinity (PSU) (sd) 31.84 (0.6) 32.07 (0.1) 31.16 (0.5) 31.41 (0.5)

Salinity Range (PSU) 30.22-32.73 31.59-32.31 28.36-31.39 29.04-31.63

1 N Sediment Samples I 2 7 I 3 8 I 4 5 I 4 1 I

(Mean %Gravel (sd) 1 2.79(9.1)  / 4.09 (15.9) ( 9.23 (19.9) / 7.45 (15.9) 1

0.0-44.46 0.0-95.77 0.0-80.45 0.0-64.71

Mean %Sand (sd) 69.67 (28.6) 63.44 (31.6) 45.38 (28.5) 46.28 (29.6)

%Sand  Range 10.71-99.55 3.84-99.35 3.63-99.01 7.13-99.15

Mean %Mud (sd) 27.54 (29.1) 32.47 (31.4) 49.25 (32.0) 4 5 . 8 5  ( 3 1  .I)

%Mud Range 0.04-89.25 0.39-86.33 0.01-96.29 0.16-92.41

Mean %Organic  Matter (sd) 2.61 (1 .Ol) 2.85 (0.97) 4.37 (1.53) 4.32 (1 S6)

l%Organic Matter Range 1 1.27-4.02 I 0.76-5.52 1 1.22-7.83 / 1.26-8.80 1

IMean  % Carbonate (sd) ( 2.86 (3.74) ( 2.21 (1.41) 1 8.54 (10.86) 1 10.02 (13.37) 1

I %Carbonate  Range / 0.78-20.68 / 0.48-7  49  1 1~21-50.55  / 1.21-50.55 1

Table l-23. Results of two-way ANOVAs  comparing physical characteristics
among locations (Chiniak Bay, Kodiak Island and Kachemak Bay,
Lower Cook Inlet) and years (1995 and 1996). F values are
presented for location, year and the year-location interaction, with
the level of significance indicated.

Factor Year Location j Location x Year

Depth I 0.11 I 67.50” I 0.19

Temperature I 45.70” I 23.51” I 3.02

Salinity 10.29* 82.52- 0.05

Gravel 0.01 3.34 0.33

Sand 0.01 31.19- 1.37

Mud 0.02 11.77” 0.41

Organic carbon 0.17 53.20- 0.45

Carbonate 0.07 19.05- 0.47

* p < 0.01 * p < 0.001 - p < 0.0001
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Table l-24. Results of Tukey unequal N HSD test for physical factors found to be significantly different in
two-way ANOVAs;  p values from all combinations of location (Ch = Chiniak Bay, Ka = Kachemak
Bay) and year (95, 96).

Factor ( Ch95  - Ch96 1 Ka95 - Ka96 ( Ch 95 - Ka 95 1 Ch96 - Ka96 1 Ch95 - Ka96 I Ch96 - Ka95

Depth 1 .ooo 0.953 < 0.0001 < 0.0001 c 0.0001 < 0.0001

Temperature c 0.0001 <  0.01 0.127 < 0.0001 0.534 c 0.0001

Salinity 0.200 0.600 c 0.0001 < 0.0001 c 0.001 c 0.0001

Sand 0.867 0.858 c 0.01 0.056 c 0.01 < 0.01

Mud 0.937 0.961 0.051 0.218 0.133 0.075

Organic matter 0.910 0.997 c 0.0001 c 0.0001 c 0.0001 < 0.0001

Carbonate 1 0.994 1 0.889 1 0.112 1 c 0.01 1 0.024 1 0.016



1 244.7 - 1.64% 16 47.2 1.16% 12 97.8 1.99%

9 279.5 1.87% 13 57.7 1.41% 11 108.5 2.21%

0.0 36 2.9 0.15% 31 9.4 0.19%

5 638.6 4.27% 2 f73.0 14.06% 456.2 9.30%

8 481.2 3.22% 10 72.4 1.78% 9 139.1 2.83%

7 555.9 3.72% 12 61.5 1.51% 15 74.2 1.51%

Table l-25. Rank; total CPUE and percenta_oe  contribution of each species of fish caught in  each nf  the fnur  c!uises. Sumrnzy  st&istirc  are  fnr  P?;c!?  crtiise 2s ?r

whole; sd denotes standard deviation.

Chiniak 95 Chlniak 96 Kachemak 95 Kachemak 96

Scientific Name Common Name Rank Count Catch% Rank Count Catch% Rank Count Catch% Ranks Count Catch%

Pleuronectes bilineata Rock sole 1 5

1 Theraara chalcoaramma IWalleye  collock I 211

1 Hiwwoatossoides  e lassodon IFlathead  sole 31  1197.41 6.48%1

IPacific halibut 1 41  1150.6],  6.15%/

l/Wyoxocepha/us  spp. 1 51 642.91  6.67%1

1 Gadus  macrocewhalus 1 Pacific cod 61  7:

lAtherestes stomias IArrowtooth  flounder 1 71  360.91 2.56%1 1

Pleuronec tes asper

Sarntor  frenatus

Gvmnocanthus SDD.

Yellotin sole 6 232.2 1.64% 1

Sawback poacher 9 175.0 1.24%/

Gymnocanthus  spp. 1 0 131.7 0.9:

1 Lumpenus fabr ic i i ISlender  eelblenny
Lumpenus maculatus

Microgadus proximus

Liwarididae

Daubed shanny

Pacific tomcod

Snailfishes

1 2 125.61 0.89%1 1

1 3 108.41 0.77%1 4

14 II
Podo thecus  ac ipenser inus Sturgeon poacher 1 151 103.01 0.73%1 1

lumpenus  sag i t t a ISnake  prickleback 1 161 102.91 0.73%1
I

Icelinus borealis Northern sculpin 1 171 79.81 0.57%1 101 277.61 l.SS%] 221 23.51 0.58%1 221 A* II noeclL

I ’ al a 6 31 0.53%1 51 179.51 4.40%1 51 'IBathvaaonus  infraswinata ISpinycheek starsnout 1 181 77.01 0.55%(  1 262.0 5.75%
7 8.9 0.03% 2 4 16.6 0.41% 26 16.0 0.33%

7 27.2 0.18% 1 5 49.5 1.21% 1 9 58.3 1.19%

I

Bathymaster  s i gna tus Searcher 1 191  72.21 0.51%1  3

Microstomus pacificus IDover sole 1 201  64.71  0.46%1  2

1Lumpenus spp 1 211 53.81 0.38%1 1
1 Enalish  sole I 221 !
I - I I

I ,

2 213.9 1.43% 26 13.2 0.32% 32 8.0 0.16%
53.71 0.38%1 1 7 96.2 0.64% 44 1.3 0.03% 0.0
4A!iI 0.34% I 25 306 0.21% 0 0 nn1 P leuronec tes  auadrituberculatus IAlaska  plaice I 231  1

Hexagrammos stelleri White-spotted greenling 24 44.9 0.32%
P leu ronec tes  i so lep i s Butter sole 25 44.8 0.32%

rrigtops spp. Triglops  spp. 26 44.4 0.26%

. -. - , - - , - - --.- -. V."

24 41.1 0.27% 23 20.6 0.51% 29 13.2 0.27%

2 1 52.7 0.35% 0.0 44 1.5 0.03%r- 0.01 T- 0.0  1 0.01
Yl 0 IV/,1

I
36.4) 0.23%) 281 26.3, AAI-..-,-, I nnl-.- I I V."
1751 A7Q--.- 023%1 cl-.-- .- 161.- 15401.- ..- l-03%1..-- .- 61_ 162.8t.__. - X99%1-...._ 21- 7,V.V 9.75%

I I
0.0 0.0 0.0

0 17.5 0.12% 0.0 0.0

61 28.21 0.19% 61 93.3 2.29%1 42 2.0 0.04%
9%[ 421 7.01 O.Oj%I I 0.01 no-.-
S%l

1
341 II.81 0.03% 45 1 1.01 0.03% 35 5.1 1 0.10%

0 0.05% 1 0.01 36 4.11 0.08%

IArmorhead  sculpin 1 271 :

IShorlfin  eelpout 1 281 :
I I

I 291 21.81 0.15%1

30 16.3 0.12%1 3

31 13.0 0.09%) 2

32 12.2 O.O!

33 11.4 oa

1 341 IO.51 0.07%1  421 7.

Gymnocanthusgaleatus

Lvcodes  b rev iwes

kchrolutes  siaalutes
I

(Soft sculpin
Hexagrammos octogrammus

Lumpenus medius

Psettichthys melanostictus

iiemilewidotus  iordani

Masked greenling

Stout eelblenny

Sand sole

Yellow irish lord

Pa l las ina  barba ta Tubenose  poacher



Table l-25. Continued.

Chinlak 95 Chiniak 96 Kachemak 95 Kachemak 96
I
FMentific  Name Common Name Rank Count Catch% Rank Count Catch% Rank Count Catch% Rank Count Catch%

Radulinus  asprellus Slim sculpin 3 5 9.9 0.07% 47 2 . 7 0.02% 11 70.9 1.74% 6 159.7 3.26%

fletichthys  sfelletus Starry flounder 3 6 6.4 0.06% 36 9 . 3 0.06% 39 2.5 0.06% 0 . 0

Ammodytes hexapterus Pacific sand lance 3 7 8.3 0.06% 20 8 1 . 2 0.54% 28 11.2 0.28% 0 . 0- -
~ Enophrys lucesi Leister sculpin 3 8 6.6 0.05% 37 9.1 0.06% 0 . 0 0 . 0

‘Dasycottus setiger Spinyhead sculpin 3 9 6.3 0.04% 34 11.2 0.07% 18 33.4 0.82% 16 7 3 . 6 1.50%

Cottidae Sculpins 4 0 5.5 0.04% 33 12.4 0.08% 0 . 0 4 5 0 . 9

Hemi lep ido tus  spp. Irish lords 4 0 5.5 0.04% 0 . 0 0 . 0 0 . 0

Enophrys  spp. Enophrys spp. 4 2 5.2 0.03% 0 . 0 0 . 0 0 . 0

Asp idophoro ides  bartoni Aleutian alligatorfish 4 3 4.2 0.03% 0 . 0 0 . 0 3 0 10.8 0.22%

‘Pholis  laeta Crescent  gunnel 4 4 3.8 0.03% 39 8.1 0.05% 0.0 27 15.8 0.32%

Tr ichodon t r ichodon Pacific sandfish 4 5 3.6 0.03% 52 1 . 2 0.01% 0.0 0 . 0

Si t chaeus  punc ta tus Arctic shanny 4 6 3.3 0.02% 30 2 3 . 3 0.16% 36 3.0 0X7% 34 7 . 0 0.14%

Hexagrammos spp. Rock OR kelp greenling 4 7 3.1 0.02% 40 7 . 7 0.05% 0.0 2 8 15.4 0.31%

Nau t i ch thys  p r i b i l ov i us Eyeshade sculpin 4 8 2.5 0.02% 44 5 . 3 0.04% 0 . 0 3 3 7 . 4 0.15%

Leptocottus armatus Pacific staghorn  sculpin 4 9 2.1 0.01% 55 0 . 8 0.01% 0 . 0 0 . 0

Ma/lotus  villosus Capel in 5 0 2.0 0.01% 0 . 0 0.0 0 . 0

Gadidae C o d s 5 1 1.8 0.01% 0 . 0 0 . 0 0 . 0

Blepsias  cirrhosus Silverspotted  sculpin 5 2 1.7 0.01% 46 3.1 0.02% 0.0 0 . 7

Enophrys  b i son Buffalo sculpin 5 3 1.4 0.01% 0 . 0 0.0 0 . 0

Ronqu i lus  jordani Northern ronquil 5 4 1.3 0.01% 0 . 0 7 132.6 3.25% 12 9 7 . 8 1.99%

Scorpaenidae Rocktishes 5 4 1.3 0.01% 0 . 0 3 5 3.5 0.09% 24 4 3 . 4 0.68%

Occella  verrucosa Warty poacher 5 4 1.3 0.01% 0 . 0 0 . 0 0 . 0

Bathymasteridae Ronquils 5 4 1.3 0.01% 0 . 0 0 . 0 0 . 0

Raja  b inocu le ta Big skate 5 8 1.2 0.01% 53 1.1 0.01% 0.0 0 . 0

Poroclinus rothrocki Whitebarred priikleback 59 0.8 0.01% 50 1.3 0.01% 25 14.2 0.35% 23 4 5 . 2 0.92%

Ophiodon elongatus Lingcod 6 0 0.7 0.01% 42 7 . 2 0.05% 38 2.6 0.06% 0 . 0

Triglops  pingeli Ribbed sculpin 0 . 0 2 3 5 0 . 3 0.34% 19 30.4 0.74% 20~  56.0 1.14%

Psych ro lu tes  peradoxus Tadpole sculpin 0 . 0 3 0 17.5 0.12% 14 51.7 1.27% 14~  80.6 1.64%

Myoxocepha lus  po l yacan thocepha lus  Great sculpin 0 .0  - 3 2 12.8 0.09% 0.0 0 . 0

Triglops  macellus Roughspine sculpin 0 . 0 4 4 3 . 3 0.02% 0 . 0 40' 3 . 2 0.06%

Zaprora sinenus Prowfish 0 . 0 4 9 2 . 2 0.01% 48 0.3 0.01% I 0 . 0

Hemi lep ido tus  hemi lep ido tus Red irish lord 0 . 0 5 0 1.3 0.01% 0.0 371 7 . 6 0.16%

Anoplagonus inermis Smooth alligatorfish 0 . 0 5 3 1.1 0.01% 34 3.6 0.09% 0 . 0

Anop la rchus  i ns i gn i s Slender cockscomb 0 . 0 5 7 0 . 6 0.00% 0 . 0 0 . 0

Errex zachirus Rex sole 0 . 0 0 . 0 2 1 24.5 0.60% 18 6 3 . 4 1.29%

Lycocfes  palearis Wattled eelpout 0 . 0 0 . 0 2 7 12.3 0.00% 43 1.6 0.03%
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Common Name Rank Count Catch% Ran1

Longnose skate 0 . 0 0 . 0 3 2 5 . 0 0 . 1 2 % 41 2.1 0.04%

Longsnout prickleback 0 . 0 0 . 0 3 0 6.1 0 . 1 5 % 0 . 0

Sailfin  sculpin 0 . 0 0 . 0 41 1 . 9 0 . 0 5 % 0 . 0

lcelus  spp. 0 . 0 0 . 0 4 2 1.7 o.a4% 0.0
B i g m o u t h  s c u l p i n 0.0 0 . 0 4 3 1 . 5 o.a4% 0.0

- -

Scientific Name

Raja rhina

Lumpenella  longirostris

Nautichthys oculofasciatus

lcelus spp.
Hemitripterus  bolini

P h o l i s spp. Phdis spp. 0 . 0 0 . 0 4 5 1.0 o.a2% 0.0
Uniden t i f i ed flatfish Un iden t i f i ed flatfish 0 . 0 0 . 0 4 7 0 . 6 O.Cl% 0 . 0

Eleginus  gracilis Saf f ron cod 0 . 0 0 . 0 0 . 0 4 3 6 4 . 7 7.43%
Cryptacanthodes aleutensis Dwarf wrymouth 0 . 0 0 . 0 0 . 0 4 6 0 . 5 0.01%

Liparis spp. Lipsris spp. 0 . 0 0 . 0 0 . 0 4 7 0 . 4 0.01%

T o w  summarv I

t number o f samples 461 431 491 421

I 202021 1 306811 1 231071I to ta l  d i s tance  towed 1 176011 / I
1.,....P."c.  rl;r*rn.na  tnwarl I wnl 470  1

I
a”-,  ayv  u,a,sI,  1”W  L”..W” --- ! . . - 6 2 6 5 5 0

sd  d i s tance  towed 1 2 0 2 3 9 3 4 2 2 6 3

ac tua l  no .  f i sh  caugh t 11654 1 3 5 0 2 3 4 2 8 4 5 5 2

I # fish/l000  m2  over total tow distance 1 355.31 1 324.91 1 58.91 94.1
I
I

to ta l  number I 6 0 5 7 4 8 4 7

average #I species/tow 1 3 1 5 8 1 0

sd species/tow 3 . 2 3 . 2 3 . 3 3.0

minimum species/tow 7 9 2 4

maximum species/tow 2 0 2 0 1 5 1 7

% abundance of  top-l 0 species 8 9 . 3 3 % 8 9 . 8 7 % 8 3 . 6 9 % 76.95%



Table l-26. Results of two-way ANOVAs  comparing fish abundances among
locations (Chiniak Bay, Kodiak island and Kachemak Bay, lower
Cook Inlet) and years (1995 and 1996). F values for location,
year and their interaction with the level of significance indicated.
Fishes are in order of decreasing abundance.

Fish Year

Rock sole 2.11

Location

103.20"

Location x Year

0.14

1 Walleye pollock 1 0.02 / 37.26" 1 1.52

1 Flathead  sole 1 0.06 1 0.13 1 0.52

Pacific halibut

Myoxocephalus spp.

2.40 59.37" 4.29

0.01 61.67" 0.01

1 Pacific cod 1 0.94 1 27.52" 1

Arrowtooth flounder

Yellowfin sole

0.70 15.31" 2.51

0.21 28.74" 0.62

Sawback  poacher 22.45" 19.46" 35.38"

Gymnocanthus spp.

Slender eelblenny

0.06 37.71" 0.09

0.03 0.21 0.28

/Daubed shanny I 0.21 I 1.00 I 0.02

Snail f ishes 0.03 1.42 2.96

Sturgeon poacher 6.15 79.83- 6.57

Snake prickleback

Northern sculpin

Spinycheek starsnout

14.30" 26.25" 14.73"

2.31 8.03* 0.04

1.57 15.38" 3.94

Dover sole 2.59 2.86 0.66

Triglops spp. 0.35 1.23 0.3

Shortfin eelpout 6.47 19.67" 0.62

IStout eelblenny I 0.97 / 0.14 ( 2.76

Slim sculpin 0.09 2 1 . 4 5 ” 2.54

Spinyhead sculpin 4.95 16.11" 1.93

Northern ronquil 0.02 18.43" 0.01

I Tadpole sculpin 1 1 9.83*--r-  0.016.85*

Rex sole

Saffron cod

2.11 21.44" 2.11

6.44 6.44 6.44

* p < 0.01 * p < 0.001 - p < 0.0001

I-94



Table l-27. Results of Tukey unequal N HSD test for fish abundances found to be significantly different in two-way ANOVAs;  p
values from all combinations of location (Ch = Chiniak Bay, Ka = Kachemak Bay) and year (95 96). Fishes are in
order of decreasing abundance.

Fish ChS5 - Ch96 Ka95 - Ka96 Ch95-Ka95 ChS6 - Ka96 Ch95  - Ka96 Ch96 - Ka95

Rock sole 0.584 0.884 c0.0001 <0.0001 ~0.0001 ~0.0001

Walleye pollock 0.781 0.876 <0.0001 co.01 c0.001 c0.001

Pacific halibut 0.059 0.985 <0.0001 c0.001 ~0.0001 c0.001

1Myoxocephalu.s s p p .  1 0.999 I 1 .ooo I c0.0001 I <0.0001 I ~0.0001 I ~0.0001

I Pacific cod I 0.568 I 0.045 I 0.31 I <0.0001 I eo.001 I 0.016

Arrowtooth flounder

Yellowfin sole

Sawback  poacher

Gymnocanfhus  spp.

Sturgeon poacher

Snake prickleback

Northern sculpin

Spinycheek starsnout

Shortfin  eelpout

0.337 0.956 <O.OOl 0.381 co.01 0.143

0.822 0.996 co.01 c0.001 co.01 c0.001

c0.0001 0.841 c0.0001 0.719 ~0.0001 0.996

0.981 1 .ooo c0.001 <0.0001 c0.001 ~0.0001

co.01 1 .ooo c0.0001 c0.0001 ~0.0001 ~0.0001

c0.0001 1 .ooo 0.794 <0.0001 0.795 ~0.0001

0.801 0.638 0.129 0.275 0.805 0.014

0.957 0.118 0.509 c0.001 co.01 0.251

0.618 0.102 0.045 co.01 <0.0001 0.557

ISlim sculpin I 0.974 I 0.292 I 0.13 I c0.001 I c0.001 I 0.056

Spinyhead sculpin 0.938 0.064 0.237 eo.01 ~0.001 0.602

Northern ronquil 0.999 1 .ooo 0.012 0.016 0.023 0.011

Tadpole sculpin 0.279 0.265 0.118 0.131 c0.001 0.984

Rex sole I 1.000 0.191 0.104 co.001 ~0.001 0.123



Table l-28. Results of two-way ANCOVAs, using physical variables (depth, temperature, salinity, % gravel, %
sand, % mud, organic matter, carbonate) as covariates, comparing fish abundances between
locations (Chiniak Bay and Kachemak Bay) and years (I 995 and 1996). Number of stations used
for calculations includes only stations where the species was collected. F values for location, year
and their interaction with the level of significance are indicated. Multiple regression results from
same data, including variables that are significant parameters. D = depth, T = temperature, S =
salinity, Sed = sediment (% gravel, % sand, % mud), 0 = organic matter, C = carbonate.
Dashes (-) denote comparisons that could not be made because the species was not collected in
at a particular location and time.

I I I ANCOVA F  Value 1 Multiple Regression 1

Fish

Rock sole

Walleye pol lock

Pacific halibut

# Stations Year Location Lot x Year F Value ,R  ’/ ~~  Variable

110 4.26* I .99 I .39 4.66’“ ’ 0.28 D, T, 0, C

9 6 1.41 I .55 0.17 I .34 0.12 D
, I 1 I / I

8 2 I I.49 I 0.21 I I .73 12.53’ IO.23  1 -

Myoxocephalus spp. 9 3 0.68 0.88 0.00 I .88 0.16 D ,  S

Pacific cod 8 4 2.39 0.01 I .42 2.63* 0.24 D

Arrowtooth flounder 7 7 0.27 2.71 0.38 1.81 0.19 -

Yellowfin sole
/ , I , / I I

8 4 / 0.26 I 0 .9 0.1 I l2.92** IO.26  1 D

Sawback  poacher 3 7 0.01 0.01 0.78 0.23 -

Gymnocanthus spp. 4 8 0.06 2.13 0.01 1.32 0.25 0

Sturgeon poacher 6 7 0.28 0 .2 1.78 I .79 0.22 S

Snake prickleback 7 6 9.01** I .86 7.40** 2.86** 0.28 S e d

1 Spinycheek starsnout I 8 3 I 6.06*  I 5.04*  I I .09 11.43 10.15 I - I

1 Shortfin  eelpout

1 Slim sculpin

I 5 0 1 4.95” I I.82 1 0.01 lo.97 IO.18  / S, 0 1

I 3 8 1 / 7173’.  1 3.54 13.28*5.85* 1 OTi~l

Spinyhead sculpin 4 7 0.08 3.69 0.45 0.88 0.19 0

Rex sole 3 2 0.61 I .29 0.39

l p < 0.05 **  p c 0.01 *-•*p < 0.0001

I-96



Table l-29. Results of Tukey unequal N HSD test using physical variables (depth, temperature, salinity, % gravel, % sand, %
mud, organic matter, carbonate) as covariates, comparing fish abundances among locations (Chiniak Bay, Kodiak
Island and Kachemak Bay, Lower Cook Inlet) and years (1995 and 1996). Only those stations where the species was
present are included in analysis. Dashes (-) denote comparisons that could not be made because the species was
not collected at a particular location and time.

Slim sculpin 0.996 0.058 0.948 0.866 0.224 1 .ooo

spinyhead  sculpin 1 .ooo 0.864 0.969 0.864 0.814 0.935

iex sole 0.559 0.000



Table I-30. For the stations at which the species were found (# stations) in each of the four cruises, LOG mean number of fish, LOG mean
number of fish adjusted for the covariates, and mean values for each of the physical variable used as covariates. Species which
retained significant differences in abundance between cruises when physical variables were included as covariates are marked with
an asterisk (*)

Year Location # Stations Log #Fish Adjusted Depth Temperature Salinity % Gravel % Sand % Mud Organic Carbonate
#Fish

I
*Pacific halibut

1995 Chiniak
1996 Chiniak
1995 Kachemak
1996 Kachemak

3 1 1.434 1.210 13.4 9.33 31.79 2.80 55.89 41.32 2.36 2.78
2 6 1.119 0.774 12.8 10.29 32.06 6.13 81.94 11.92 2.36 2.27
1 2 0.504 0.906 55.7 8.65 31.27 0.69 70.12 29.19 3.81 6.91
11 0.713 0.881 31.5 9.47 31.32 1.04 49.42 49.53 3.12 19.27

Myoxocephalus spp.
1995 ] Chiniak 1 3 6 0.964 0.742 18.3 9.14 31.85 3.73 49.67 46.59 2.70 2.48
1996 j Chiniak 1 3 3 0.925 0.605 20.5 10.10 32.07 4.82 51.81 33.37 2.89 2.06.--- I ~---. -.--
1995 Kachemak 14 0.566 0.943 38.1 8.74 30.80 17.03 30.36 52.61 4.75 8.39
1996 Kachemak 1 0 0.648 0.814 33.2 9.36 31.22 1.05 52.10 46.85 4.05 7.77

I
Pacific cod

1995 Chiniak
1996 Chiniak
1995 Kachemak
1996 Kachemak

2 6 1.220 1.053 14.6 9.17 31.90 4.21 54.25 41.54 2.29 2.43
2 8 1.317 0.918 13.0 10.27 32.07 5.67 30.15 14.19 2.37 2.08
2 4 0.967 1.297 41.6 8.86 31.04 17.50 45.02 37.48 4.22 11.72
6 0.525 0.759 48.0 9.29 31.50 20.78 66.34 12.88 , 4.51 19.50



Table I-30. Continued. I
1 Year j Location / #Stations

0.592 1 0.621 56.5 1 9.24 1 31.55 1 8.56 1 45.98 1 45.46 1 3.87 9.92
I I I I I I I I I

Yellowfin sole
1995 Chiniak
1996 Chiniak
1995 Kachemak
1996 Kachemak

29 0.772 0.577 18.4 9.22 31.77 4.47 53.73 41.80 2.78 1.88
30 0.790 0.689 23.9 9.98 32.07 0.57 59.59 39.84 3.08 1.74
14 0.598 0.781 30.1 9.12 31.14 15.60 48.00 36.41 4.42 13.43
9 0.706 0.819 27.2 9.36 31.48 0.93 45.26 53.82 4.00 9.78

Gymnocanthus  spp.
1995 Chiniak 20 0.744 0.284 15.2 9.15 31.88 5.55 61.99 32.46 2.21 3.17
1996 Chiniak 19 0.801 0.381 12.3 10.33 32.08 2.37 79.55 18.07 2.56 2.19
1995 Kachemak 2 0.630 0.854 35.5 8.69 31.24 0.98 57.93 41.09 3.81 2.12
1996 Kachemak 4 0.250 0.905 39.0 9.41 31.51 0.18 72.40 27.42 3.82 25.72

Sturgeon poacher
1995 Chiniak
1996 Chiniak
1995 Kachemak
1996 Kachemak

I

25 0.605 0.365 25.3 8.66 32.04 5.45 37.35 57.19 2.84 1.82
31 0.712 0.446 21.2 10.06 32.06 0.90 68.25 30.85 2.81 1.90
5 0.298 0.626 56.2 8.80 31.30 2.32 55.72 41.96 4.06 8.80
5 0.225 0.403 56.0 9.05 31.51 0.16 74.38 25.46 4.30 5.01

*Snake prickleback
1995 1 Chiniak 1 23
1996 Chiniak 27
1995 Kachemak 9
1996 Kachema k 1 0

0.592 0.641 20.7 8.91 32.01 3.66 47.58 48.76 2.84 2.81
1.406 1.520 18.6 10.26 32.06 4.98 67.09 27.93 2.57 2.09
0.726 0.604 42.8 8.76 31.26 7.62 43.31 49.07 4.47 12.37
0.790 0.749 28.4 9.46 31.48 0.17 81.19 18.64 4.13 20.82



Table I-30. Continued,



Table l-31. Proportional IRI of the prey taxa consumed by predator species at Cl9401 CS#37.
Rows of summation data are in bold font.

N fish examined (empty)
Total length (mm) of fish + stdev
Total N prey
Total weight prey (mg)
Total p r e y taxa
Total Protlsta (Foraminiferida)
Total Polychaeta

Polychaete fragments
Unid. Scaleworm

Stemaspis scufafa
Lumbrineris  sp.

Total Bivalvia
Unid. Bivalve siphons
Unid. Bivalve
Mya  sp.
Nucula  fenuis
Nuculana fossa
Yoldia sp.
Yoldia scissura  ta
Sembes  grvenlandicus
Siliqua  sp.
Lucinoma annulata

Adontorhyna cyclia
Axinopsida spp.
Clinocardium  sp.
Veneroida
Lyonsia sp.

Total Copepoda (Calanoid)
Total Mysidae

Unid. Mysidae
Acanthomysis spp.

Total Cumacea
Unid. Cumacea
Diastylis  alaskensis

Total Amphipada
Unid. Amphipoda
Profomediae  sp.
Byblis sp.
Monoculodes sp.

Total Decapoda
Crangonidae
Hippolyt idae
Hermit crab (Paguridae)
Crab fragments

Total Bryozoa (fragments)
Total Ophiuridae

Unid. Ophiuridae
Ophiura  sp.

Arrowtooth Flathead Pacific Yel lowf in Rock

f lounder sole halibut sole sole

1 w 2(l) II(O) 3W) 4(O)
68.1214.6 217.5k6.4  75229.1 87.1k8.5  220.3223.5

5 1 6 7 7 205 2 6
4 6 6 265 347 1940 1036

100.0 100.0 100.0 100.0 100.0

1.1 0 .6

1 .1 0 .6

100.0

81.8

0 .3
28.2 5 . 1
3 .2 3.1
0 . 2

24.7
2 .0

45.3 67.1
3 .1 44.8
1 .3

22.3
0 .2
0.1

co.1
0 . 2

18.2
0 .4
0 .3

co.1
18.2

80.5
55.2
25.3

3 .7
3 .7

3 .7
3 .1

1.3
0 .4

0 .6 0 .8

8 .7
3 .1
5 .6

94.5
1 .o

93.2
0 .3

0 .3
0 .1

20.8
1.7
0 .3
0.1
0 .2
0 . 6
0 .3
0 .4
2 .2 27.7
1 .5 0 .9
0 .4 26.8
0.1
0 .2
3.1
0 .5
0.1
2 .5

co.1
0 .2
18.3
co.1
18.3

Total Teleostei (Rock sole) 6 .0

I-101



Table l-33. Similarity between the taxonomic compositions of predator diets and benthic
fauna; these calculations consider prey taxa  at the level of family.

Flathead Pacific

sole halibut

Y ellomn /

sole
Rock sole Benthos

Arrowtooth flounder
Flathead  sole

0.0 14.2
0.0

6.7 i 4.8 3.8
45.3 ; 67.1 55.0

Pacific halibut 5.3 1.8 1.8
Yellowfin  sole 52.6 67.9 ’
Rock sole 62.8

Table {-34.  Similarity between the taxonomic compositions of predator diets and benthic
fauna; these calculations consider prey taxa  at the lowest taxonomic level
(species level whenever possible).

Arrowtooth flounder

Flathead
sole
0.0

Pacific Yellowfin
halibut sole

Rock sole Benthos

Ii.9 i 3.5 2.0 1.7

F-F--
Pacific

I

lathead  sole 0.0 0.2 0.0 10.7
: halibut 2 . 1 / 1.0 1.0

Yellowfin  sole 7.5 35.4

I-103
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Figure I-l. Collections for present research were from Kachemak Bay in lower Cook Inlet, Izhut
Bay on south Mognak Island and Chiniak Bay on northeast Kodiak Island.
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F’jgure  I-2. Depth contours and permanent transects sampled in Kachemak Bay (1994-  1996).
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Figure I-3. Depth contours of Womens, Middle, Kalsin and Isthmus Bays sampled within Chiniak
Bay, Kodiak Island (1991-1996). The dashed line defines the Middle and Kalsin Bay
survey region (Dressel and Norcross, Chapter 3 in this report).
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Figure I-4. Depth contours and consecutive station sites examined in Izhut  Bay, Mognak
Island (1995).
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Figure I-5. Depth contours and permanent transects and stations sampled in Kachemak Bay
(19944996).
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S I:diment

N of stations

mn%M

max%M

mn%S

max%S

Dzsctiption

1

M

69

57.3

95.36

435

42.67

mud and
mixed
mud

2

sM

29

42.34

65.63

31.53

54.08

sandy
mud

3 4 5 6 7

MS mS wS S smG

19 39 1 0 2 1 7

18.51 1.33 1.14 0.06 19.11

42.1 30.35 32.64 8.97 35.62

51.38 69.56 47.63 90.92 21.59

67.55 88.34 63.32 99.37 39.95

mud/sand muddy mixed 190%  sand =+25%
sand sand gravel

8

G

3

0.01

7.68
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Figure l-6. Cluster analysis with eight station separations by percent mud and sand for all data
combined. Below the cluster is a list of cluster code, frequency of stations, minimum and
maximum percentages of mud and sand. Sediment clusters are in order of increasing grain
size. Descriptions explain the composition within each cluster, and codes are assigned based
on a modified Folk (1980) scale.
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Figure I-12. Temperature profiles from KS10 to KSIOO.  In September 1994, the deepest station was at 70 m. Total
distance along the x-axis is 5.5 km, and triangles mark stations with CTD data. Integers of temperature
value are circled, and other isotherms are in increments of 0.2”C.



Figure I- 13. Temperature profiles from MC 10  to BP30. In September 1994, the deepest station was at 70 m. Total
distance along the x-axis is 2 1.6 km, and triangles mark stations with CTD data. Integers of temperature
value are circled, and other isotherms are in increments of 0.2”C.



Figure I-14. Temperature profiles from CP05 to HSlO. These transects were not sampled in September 1994, and the
deepest station sampled in May 1995 was at 80 m on the CP transect. Total distance along the x-axis is
15.5 km, and triangles mark stations with CTD data. Integers of temperature value are circled, and other
isotherms are in increments of 0.2”C.
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Figure I-19. Sample site locations in Kalsin and Middle Bays from 1991 to 1994.



Figure I-20. Sample site locations in Kakin and Middle Bays in 1995.
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Figure I-2 1. R’xk sole 1996 distribution and monitoring sites. Dark lines indicate depth contours. Shaded contours indicate
relative fish density on a logarithmic scale (darker shading indicates denser fish distribution).
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relative fish density on a logarithmic scale (darker shading indicates denser fish distribution).
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Figure 1-28 (Chiniak Bay) and Figure 1-29 (Kachemak Bay). Tree diagrams for
variables, Ward's method using Euclidean distances.
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Figure 1-2 8. Chiniak Bay
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Arrowtooth flounder (N=15
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f?gure  i-30. Proportional importance of taxa  within juvenile flatfish  diets and within the
benthos, at Cl9401 CS#37.
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The Department  of the lnterior  Mission

As the Nation’s principal conservation agency, the Department  of thr Interior has responsibil i ty
for most of our nationally owned public lands and natural resources. This  includes fostering
sound use  of our land and water resourcea; protecting our f ish, wildlife, and biological diversity;
preserving the environmental  and cultural values  of our national parka and historical places;
and providing for tha enjoyment of life  through outdoor recreation. The Department assesses our
energy and mineral resources  and works to ensure tha t  their development is in the best interests
of all our people by encouraging stewardship and citizen participation in their  care.  The
Department also has a major responsibil i ty for American Indian reservation  communities and far
people who live  in island territories  undar U.S. administration.

The  MineraIs  Management Service Mission

As a bureau of the Department of the Interior,  the Minerals Management Service’s (MMS) primary
responsibilities are to manage the mineral resources located on the Nation’s Outer Continental
Shelf (OCS).  collect revenue from the  Federal OCS and onshore  Federal  and Indian lands, and
distribute those revenues.

Moreover, in working to meet i ts responsibi l i t ies, the Offshore Minerals Management Program
administers the OCS cornpetitiva leasing program and oversees the safe and environmentally
sound  exploration  and production of our Nation’s offshore natural gas, oil and other  mineral
resources. The MMS Royalty Management Program meets its responsibil i t ies by ensuring the
efficient, t imely and accurate collection and disbursement of revenue from mineral leasing  and
production due to Indian tribes and allottees, States and the U.S. Treasury.

The MMS strives to fulfill its rasponsibilitiss through the  general  guiding  principles  of:  (1)  being
responsive to the  public’s concerns and interests by maintaining a dialogue with all potentially
affected parties and (2)  carrying out i ts programs with an emphasis on working to enhance the
quality of l ife for all Americans by lending MMS assistance and expertise to economic


